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Testing High-Pressure Steam Piping 
By John J. Harman* 


HE term high-pressure steam line implies high trating power and disruptive force of the high pressure, 
temperature, because high-pressure steam when supplemented by the dilatation due to high temperature 
carried in pipes is practically always in a highly and the working of the joints caused by expansion and 
superheated condition. Pressures and temperatures from contraction of the pipe line, tend to open the joints and 
25) to 1,800 Ib. per sq. in. and from 450 to 1,000 F cause leaks, which unfortunately develop in some cases 
introduce difficulties in the making and assembling of after the system has been in operation for a consider 
pije joints that will be permanently tight. The pene- able period of time. In order to have permanently tight 


ssistant chief engineer, Walworth Company, Boston, Mass. joints in this class of piping, it consequently Is neces- 
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sary to pay particular attention to the lay-out of the 
piping system and to the design of the joints, as well 
as to use special care in the erection of the piping and 
assembling and testing of the joints. It therefore ap- 
pears worth while to discuss these briefly, for no amount 
of attention given to the assembling and testing of 
joints can correct fundamental mistakes in design. 


Care in Lay-out Needed 


Piping systems operating at temperatures of from 700 
to 1,000 F expand a great deal more than low tempera- 
ture systems, not only because the temperature range is 


larger but also because the coefficient of expansion is 
greater at the higher temperatures. The lay-out there- 
fore should provide sufficient flexibility to prevent set- 
ting up excessive expansion stresses’, hangers and sup- 
ports should be designed to permit free movement and 
should be close enough together to eliminate excessive 
bending stresses due to the weight of the pipe filled 
with water together with the weight of the fittings, 
valves and pipe covering. Stiff cross-connections and 
other design features that would introduce severe bend- 
ing stresses should also be avoided. 


1 For method of computing stresses caused by pipe line expansion see 


“Piping Handbook,” Walker and Crocker, McGraw-Hill Book Co 


Standards for Flanged Joints 


Review of Standard Dimensions for Flanged Joints .... Flange Material 
.... Bolts....Threads....Nuts.... Finish of Flange Faces 


Standard dimensions for flanged joints have been 
established in Tentative American Standard for Steel 
Pipe Flanges and Flanged Fittings Bl6ée for steam 
working pressures of 250, 400, 600, 900, and 1,350 Ib. 
at a temperature of 750 F. This pressure and tempera- 
ture range was thought to be adequate for the probable 
requirements at the time it was adopted in 1927, but 
almost immediately the upper limits of both temperature 
and pressure were exceeded, both in the oil industry and 
in the steam power plant field. Some changes have been 
made in the standard since its original adoption and it 
is probable that the 250-lb. standard will be changed in 
the near future to a 300-lb. standard and the 1,350-Ib. 
standard to a 1,500-lb. standard in order to match more 
closely the actual service conditions that have developed. 
Some changes in shell thicknesses are contemplated in 
both standards, and some changes in flanges, bolting, 
and face to face dimensions in the 1,350-lb. standard for 
sizes above 4 in. For pressures above 1,500 lb. and tem- 
peratures above 750 F there are at present no generally 
accepted standard dimensions for flanged joints and in 
this zone the designs that have been used are not uniform 
and reflect the individual ideas of the designers re- 
sponsible for the particular installations. 

Several types of flanged joints and gasket facings 
were discussed in a previous article? and the 400-lb.- 
1,000-F piping installation at the Delray station of The 
Detroit Edison Company,® with its special types of 
flanged and welded joints and other unique design 
features, has also been described in considerable detail 
in this magazine. 

Welded joints of the bolted-flange, seal-welded type 
have been used extensively on high pressure steam lines. 
Load-carrying welded joints, both with and without 
flange and bolt reinforcement, have also been used on 
high-pressure, high-temperature pipe lines. The progress 
that has been made in welding technique during recent 
years is establishing the dependability of this type of 
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joint and its general acceptance in the comparatively near 
future under rather rigid inspection requirements appears 
to be indicated. 


American Standard Joints 


Because most of the high-pressure joints used for 
steam lines are within the pressure range of the A. S. A. 
standards and are either regular standard flanged joints 
or at least follow their general dimensional design with 
slight modifications, this discussion will be based on the 
American standard types of flanges. A first step in 
assembling a joint that will give satisfactory service on a 
high pressure steam line is to make sure that the flanges, 
bolts, etc., conform to the requirements of the standard. 
It consequently will be of interest to discuss briefly some 
of these requirements. 

Flanges: When flanges are cast or forged integral 
with the wall of a fitting or a valve, they are stiffened and 
strengthened thereby, and the new American standard 
for loose flanges requires the use of substantial hubs 


View or AN 8-IN. Outpoor Pire Line 5000 Fr. 
Lone CARRYING STEAM AT 165 Le. 









Hydrostatic pressure test specified a shut in pres 
sure of 500 Ib. be maintained for 24 hours wit! 
not more than a 10-lb. drop. Flanged joints 
were used for connecting bends, expansior 
joints, etc., to facilitate dismantling, but 
all other joints were butt welded. 
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which increase the stiffness and strength of the flange 
with comparatively little addition to its weight and with 
no addition to the length of the bolts. 

American Standard Bl6e specifies that the flange 
material shall be in accordance with 4. S. T. M. Specifi- 
cation A-105. This specification recognizes three grades 
of flanges designated as Classes A, B, and C. Class A 
flanges are made of low-carbon steel of suitable composi- 
tion for forge welding to the pipe. Class B flanges are 
made of steel having a minimum ultimate tensile strength 
of 60,000 Ib. per sq. in., and a minimum yield point of 
30,000 Ib. per sq. in. Class C flanges are made of steel 
having a minimum ultimate tensile strength of 70,000 
lb. per sq. in., and a minimum yield point of 36,000 Ib. 
per sq. in. 

The A. S. A. standards are really based on the use of 
Class C flange material, but Classes A and B material 
are permitted if the flanges are provided with adequate 
hubs or are otherwise reinforced to compensate for their 
lower strength. Also flanges forged integral with or 
forge welded to the wall of the pipe are considered as 
being additionally reinforced. Class B flanges are ex- 
tensively used and usually have been satisfactory in high- 
pressure steam service. 

Bolts: The bolts specified for A. S. A. flanges are 
required to be heat-treated, alloy-steel bolt studs with a 
nut at each end. Headed bolts are prohibited because 
the drastic forging operation involved in the heading of 
the bolt has resulted in failures in a number of instances 
due to weakness at the junction of the bolt head and 
shank. The material from which the bolt studs are made 
must conform to A. S. T. M. Specification A-96, which 
recognizes three grades of steel designated as Classes 
A, B, and C. 

Class A bolting material must have a minimum ulti- 
mate tensile strength of 95,000 Ib. per sq. in. and a mini- 
mum yield point of 70,000 Ib. per sq. in. Class B bolt- 
ing material must have a minimum ultimate tensile 
strength of 105,000 Ib. per sq. in., and a minimum yield 
point of 80,000 Ib. per sq. in. Class C bolting material 
must have a minimum ultimate tensile strength of 125,- 
000 Ib. per sq. in., and a minimum yield point of 105,000 
lb. per sq. in. 

Class A bolting material has been used to some extent 
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for working steam pressures up to 400 Ib. per sq. in., 
Class B up to 600 Ib. per sq. in. and Class C for higher 
pressures, but the present tendency seems to be to specify 
Class C as the minimum requirement for high-tempera- 
ture service regardless of the working pressure, 

Threads: The bolt threads are American Standard 
Threads, Coarse Thread Series, Medium Fit 
(Class 3), except that eight threads per inch are specified 
for all bolt diameters 1% in. and larger. This is done 
to facilitate the tightening of the larger bolts so as to 
secure the desired initial gasket pressures. 

Nuts: 
pressed 


Screw 


The nuts specified are cold-punched or cold- 
semi-finished nuts of American 
standard rough dimensions, chamfered and trimmed. 
While the American standard rough nut dimensions are 
specified, it has been the customary practice to use the 
a a 
and after considerable discussion it now appears likely 
that the U. S. standard nut dimensions will be added to 
the list of American standard nut dimensions for use on 
flange bolts. 
when used under nuts shall be of forged or rolled carbon 
steel. The special beveled washers that are sometimes 
used require more care in assembly to see that they are 
mounted right side up, and if the outside diameter is 
oversize it may interfere with the wall of the spot facing 
on the flange. 


carbon-steel 


standard nut dimensions in this class of service, 


The standard also specifies that washers 


Finish of Flange Faces 


The American steel flange standard does not specify 
the type of finish to use for flange facing, but this is 
important because it vitally affects the sealing of the 
joint between gasket and flange and should be of such a 
nature as to prevent slipping or blowing out of the 
gasket. 

For asbestos gaskets not less than 1/32 in. thick and 
for pressures up to 600 Ib. per sq. in. the “phonograph” 
finish has been extensively used. This finish as usually 
made consists of grooves 1/64 in. deep, spaced 1/32 in. 
apart. For high pressures and thin asbestos gaskets the 
“serrated” finish is suitable. The serrated finish is pro 
duced by the use of a medium tool finish with the sur- 
face further roughened by grooves 1/100 in. deep, spaced 
1/16 in. apart. 


Bolting and Gaskets 


Bolts and Threading .... Computing Stress in Bolts .... Chart Shows 
Turning Moment Required to Produce Desired Bolt 
Stress .... Unit Gasket Pressure 


Bolts for Flanged Joints 

In all flanged joints the bolts for holding the joint 
tovether must be sufficiently strong and rigid to with- 
tand the internal pressure in the pipe line acting against 
a closed valve, second, to resist the additional tensile 
stress introduced by bending moments due to pipe line 
‘Xpansion, and third, to maintain the requisite unit 
ga-ket pressure to prevent leakage. Also, in view of the 
fat that a comparatively small elongation of the bolts 
" relieve the unit pressure on the gasket and cause 
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leakage the bolt stresses caused by internal pressure and 
pipe line expansion should be kept at relatively low 
values. The writer also believes that the bolts should 
be as short as possible because long bolts increase the 
total elastic elongation under load as well as the plastic 
elongation due to creep at high temperature if the 
safe creep stress is exceeded. 

For working pressures up to 600 Ib. per sq. in. and 
working temperatures up to 750 F, studs threaded the 
full length have been used extensively in steam engineer- 
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TasLe 1—AMeERICAN STANDARD Bo_t Stresses-ForMULA No. 1 
Area to outside of face 
Bolt Stresses by Formula: - Pressure = Stress. 
Area of bolts 
400 | 600 900 1350 

Pire|Dis.| Ana 

Size | R.F. Bours | Area |Stress| Botts | Area |Srress) Bours | Ares |Srress) Botts | Area | Stress 

1] 1%| 1.485 4-14 | 0.502) 1775 

34, 1%] 2.237 4-5¢ | 0.808) 1661 ; ee 

1/2 3.142 4-5¢ | 0.808) 2338 | 4-76 | 1.68) 2530 

114] 2 4.909 4-5¢ | 0.808) 3658 | 4-7 | 1.68) 3950 

114} 2%| 6.492 4-% | 1.21 | 3220 4-1 2.20) 3980 

2 | 3%| 10.32 8-5¢ | 1.62 | 3830 8-74 | 3.36) 4160 

214) 4%! 13.36 8-3 | 2.42 | 3315 .| 81 4.40, 4100 

oie |e B- | 3.43 | 675) 5-16 5.55) See O96 5. oe method the total bolt load is taken as 
314) 514) 23.76 : 8-7 | 3.36 | 4240) 8-1 4.40) 4850) 81%) 5.82) 5510 . , 

4 | 61 31.92 | 81 | 3.36] 3790] 8-7 | 3.36 | 56901 8-114] 5.821 49901 8-1%| 7.43] 5790 CAUAl to the force exerted by the inter- 
4151 634| 35.79 | 8-76 | 3.36) 4260 8-1 | 4.40 | 4880 8-114 5.82] 5540) 8-1%| 9.23) 5230 «Nal pressure acting upon the area cir- 
5 | 7%! 42.72 | 8-76 | 3.36] 5100 8-1 | 4.40 | 5830| 8-114! 7.43 5470; 8-11s/11.22, 5140 «© cumscribed by the outside diameter of 
6 | 844] 56.75 |12-7¢ | 5.04] 450012-1 | 6.60 | 5260/12-11¢| 8.72) 5850/12-13</13.84) 5530 the gasket. 

7 | 954) 72.76 |12-1 | 6.60) 4420)12-114| 8.72 | 5010)12-114/11.14) 5880)12-114/16.84) 5830 If the actual bolt stresses under 
8 |105¢| 88.66 |12-1 | 6.60) 5370)12-114| 8.72 | 6110/12-134/13.84) 5760)12-15¢/20.15) 5840 operating conditions did not exceed 
9 |115¢}106.1 |12-12¢| 8.72) 4860/16-11</11.63 | 5450/16-134/18. 46) 5180 : nr the values shown in Table 1, the alloy 
10) |1284/127.7  |16-114¢)11.63) 4390) 16—-114|14.85 | 5150)16-13<¢|18. 46) 6220)12-174|27.6 | 6250 « Se ; F a So 
os les lem » len sestea ot ane “vy sn an | Senilim declan 1 | epeetie dacene | eens steel bolts would be but slightly af- 

Ee grapes Keown 3 5 A: 9 ‘ ie fected by creep at the temperatures to 

14. |16%4/207.4 |20-114|18.56) 4460/20-1%¢/23.1 | 5380)20-114/28.1 | 6650 : = - 
15 |1714/233.7 |20-11¢/18.56! 5040120-12¢123.1 | 6070\20-15</33.6 | 6270 which they are subjected, but in actual 
16 1814/268.8 (20-13<¢/23.1 4670) 20-114/28.1 5760/20-15<|33.6 | 7200 practice the be It stresses are neceés- 
17 |19%¢/306.4 sarily higher because of the need for 
18 (21 (363.1 |24-19¢/27.7 | 5240 20-154¢/33.6 | 6480/20-17</46.1 | 7090 a higher initial gasket pressure in 
20 23 [415.5 |24-114/33.7 | 4940.24-15¢/40.3 | 6180/20-2 53.0 7050 order to provide a margin of safety 
22 2514|500.7  /24-154/40.3 | 5030 against leakage when the bolts elongate 
24 (2714/583.2 |24-134/47.5 | 4920)24-174/55.3 6330/20-214'85.8 | 6110 and the flanges deflect under operating 


ing practice and in some cases the central body portions 
of the studs have been turned down to the root diameter 
of the threads. The object of both these treatments is 
to eliminate the stress concentration occasioned by the 
change in cross-sectional area at the ends of the threaded 
sections, in order to reduce the danger of fatigue failure 
by having the reduced cross-sectional area extend uni- 
formly over the full length of the stud. 

However, with higher working pressures the bolts 
had to be made considerably longer in order to span 
the thicker flanges and the thicker joint structure be- 
tween the flange faces, and a further tendency toward 
reduction of gasket pressure was introduced by the fact 
that higher working temperatures decrease the safe creep 
stress of the bolting material and increase the possi- 
bility of plastic elongation due to creep. 

Consequently, when long bolts must necessarily be 
used at high temperature it appears to be a logical pro- 
cedure to leave the central body portion of the stud un- 
threaded so as to limit the more highly-stressed material 
to as short a length as possible, and to provide against 
the possibility of fatigue failure by the use of high- 
strength bolting material. This what was done at 
The Detroit Edison Company in their 400-Ib.—1,000-F 
installation. 


1S 


Computing Stress in Flange Bolts 


Table 1 shows the usual method of computing the 
stresses in flange bolts, in which the bolts are assumed 
to be tightened just enough to resist the maximum steam 
working pressure and at the same time impose an equal 


unit pressure on the gasket. When computed by this 





conditions. 


Turning Moment to Produce Bolt Stress 


The turning moment on the nut required to produce 
the desired initial bolt stress is dependent upon a num- 
ber of variable factors and consequently in making up a 
joint it is customary practice to tighten the bolts ex 
cessively in order to make sure that the joint will b: 


TaB_e 2—INITIAL GASKET PRESSURES AND GASKET PRESSURE TO 
WorKING STEAM PRESSURE RATIOS FOR AMERICAN Stp. FLANGES 


400 600 900 1350 

a Gasket Pres. Gasket Pres. Gasket Pres. Gasket Pres. 
‘i Ratio — Ratio — Ratio Ratio 

R.F. T.& G. R.F. T.& G. R.F. T.&G. R.F. T&G. 

lg 23600 .. 39.2 
84 21600 36.0 

1 16500 27.5 22700 16.8 
14 7800 13.0 26700 19.8 
L's 10000 16.7 22500 16.6 
2 10800 18.0 31000 22.2 
2 11400 19.1 30000 22.1 
3 7700 12.8 21200 23.6 28600 21.0 
4 6600 16.5 6600 11.0 17400 19.4 20000 14.8 
5 §©=—.: 1 80 12.9 5900... 9.9 16500 18.4 20800 15.4 
6 6060 15.2 6950 11.6 18600 20.8 24000 17.5 
8 5160 12.9 5800 97 15400 17.2 19000 14.0 
10 6330 15.8 6900 11.5 14200 15.8 15600 11 
12 5600 14.0 6500 10.8 15000 16.8 17400 12.5 
14 +6150 15.4 6500 10.8 15400 17.2 
16 5450 13.6 11600 19.3 12800 14.3 
18 5060 13.9 11300 18.8 13300 14.8 
20 3=©4960 12.4 10800 18.0 11500 12.8 
24. 4470 11.2 10700 17.9 12500 13.9 
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4 : . ; = 
< D Fic. 1—ForMuLA FoR CoMPUTING TURNING MOMEN1 
O = Total bolt load in Ib. 
- x 7 4 f, = Rotating force at pitch of thread to over 
come thread friction 
5+¢ _— et 
Thread friction — Q f, = Rotating force at pitch of thread to over- 
+ >f come flange friction 
f = Total rotating force at pitch line of thread 
tla/igé Friction ; ; oe Cogs ; 
7 7 Q SolItuAhe -Jann(& +p) F’, = Rotating force at end of wrench handle to 
Thread Friction forces torce® Liagraim overcome thread friction 
$ F, = Rotating force at end of wrench handle to 
Q 4 f overcome flange friction 
ie Q F = Total rotating force at end of wrench han- 
1 
dle 








lange tricton forces 


D Length of wrench handle, inches 
P = Pitch of thread, inches 


Soriii/a v2 : fal? D 
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tight in service. Fig. 1 shows a method of computing 
the turning moments required to produce various initial 
stresses in bolts of different sizes and Fig. 2 shows a 
logarithmic chart of the turning moments required for 
bolts from 4 in. to 2% in. inclusive and stresses from 
10,000 to 60,000 Ib. per sq. in. as computed by this 
method. The amount of turning moment required to 
produce the desired bolt stress is subject to considerable 
variation due to differences in the quality of finishes 
and fits of the friction surfaces and the effectiveness of 
lubrication, but Fig. 2 represents average conditions with 
the friction surfaces well lubricated. 

While the chart is based on a theoretical formula a 
sufficient number of points on the curves have been 
checked against actual experimental data to give assur- 
ance that the chart closely approximates average field 
conditions. 

A brief study of Fig. 2 reveals that in order to 
produce the same initial stress in all sizes of bolts the 
required turning moment increases rapidly with increase 
in bolt diameter. On the other hand the standard length 
of handle for commercial wrenches is approximately pro- 
portional to the bolt diameter, and in order to develop 
the desired initial stress in the larger bolts it conse- 
quently is necessary to increase the available turning 
moment by some method. This is usually accomplished 
by moderately “sledging up” the nuts and even then 
the initial stress in the larger bolts is considerably less 
than it is in the smaller bolts. 

The line AA and tabulation in Fig. 2 indicate the 
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S = Pitch radius of thread, inches 
5 — Angle of thread, degrees 
P 
Tan 6 
6.28 S 


¢@ = Friction angle, 1034 degrees 


Tan ¢ = 0.190 coefficient of friction 
FD = Turning moment, in.-lb. 
Formula: FD= (F,+F.) D= (f,+ f,) S 
OS [tan (6+ ¢%) +tan ¢] 
OSs 
I —{[tan (6+) + tan ¢] 
D 


normal initial stresses for the various sizes of bolts as 


computed by the formula‘ 


t 30,000 ~— d 


in which ¢ equals the unit tensile bolt stress in lb. per sq. 
in. and d equals the diameter of bolt in inches. 

The high initial bolt stresses shown in Fig. 2 would be 
cause for apprehension of failure due to creep at high 
temperature were it not for the fact that a slight amount 
of creep in the bolts and flanges relieves a large portion 
of the excess gasket pressure and reduces the stresses to 
safe limits before the gasket pressure is lowered enough 
to permit leakage. 
sures and ratios of gasket pressure to working steam 
pressure for the American Standards Association flanges 
series, 400 to 1,350 inclusive, based on the initial bolt 
stresses shown in lig, 2. Assuming that the initial gasket 
pressure should be at least ten times the working pres- 


Table 2 shows the initial gasket pres- 


*See “Piping Handbook,” p. 345 
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sure, Table 2 indicates that for series 600 sizes 16 in. 
and larger, series 900 all sizes, and series 1,350 sizes 1% 
in. and larger if the raised face is used the width of 
the gasket should be reduced to secure a higher unit 
pressure. When a narrow gasket is used on the raised 
face joint it is customary to decrease the area of the 
gasket by increasing its inside diameter so that it will 
contact with the flange on the outer portion of the raised 
face. The outside diameter of the gasket is usually 
brought out to the bolts in order to aid in centering the 
gasket when assembling the joint. 

It will also be noted in Table 2 that the unit gasket 
pressures on the different joints range from less than 
5,000 to more than 30,000 Ib. per sq. in., which indicates 
that the type of gasket used needs special consideration. 
The primary function of a gasket is to provide an im- 
pervious material relatively softer than the flanges them- 
selves between the contact faces of the flanges so that 
the gasket material will be compressed when the flange 
bolts are tightened, filling up the small irregularities of 
the space between the flange contact faces and perma- 
nently sealing the joint. 
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It is obvious that the unit gasket pressure required to 
compress the gasket and seal the joint varies consider- 
ably for different types of gaskets. If the unit pressure 
is too high the gasket flows out from between the con- 
tact surfaces and leakage occurs, but in cases of this kind 
it has been found that reducing the thickness of the 
gasket will correct this difficulty by permitting the flange 
faces to actually come in contact at the points of extreme 
gasket pressure, thus providing a positive bearing and 
preventing any serious localized reduction of gasket 
pressure at other portions of the contact surface due to 
pipe line strains. 

It therefore is evident that in addition to the design 
of the joints, careful consideration must also be given 
to the gasket material, width and thickness. Compressed 
asbestos gaskets as thin as 1/100 in. have been success- 
fully used in this type of service, and, while gaskets of 
this kind must be handled with care, they can be sub- 
jected to very high unit pressures. With very thin gas- 
kets rigidity of flanges is essential in order to prevent 
localized reduction of gasket pressure between bolts, and 
the flange faces must be accurately machined. 


Assembly and Testing of Joints 


Order of Tightening Bolts for Uniform Gasket Pressure Shown by Diagram 
. . » » Methods of Field Testing Joints . . . . Ratio of Test Pressure 
and Working Pressure .... Test Procedure 


Assembling of Joints 

In making up the joints all contact surfaces should be 
perfectly clean and the gaskets should be accurately posi- 
tioned so they will bear uniformly over the entire gasket 
surface. The bolts may be tightened with a long-han- 
dled ratchet wrench and for % in. and larger sizes’ it is 
usually necessary to tighten them further by the use of 
a stub wrench and a maul in 
secure the desired 
initial gasket pressure. The 
crew assembling the pipe line 
usually puts in only enough 
bolts to hold the flanges se- 
curely in place and the installa- 
tion of the rest of the bolts 
and the final tightening is done 
by a special crew. 


order to 


-< 


The order of tightening the 
bolts is important because 





two bolts 180 degrees apart, then advance clockwise 90 
degrees and repeat the operation, continuing in this way 
until all the bolts are tight. 

Fig. 3 illustrates the order of tightening the bolts in 
a 16-bolt flange by this method. It will be noted that the 
tightening of the first four bolts, which are located 90 
degrees apart, establishes the general position of the 
flange and makes possible gen- 
eral uniformity of gasket pres- 
sure. The subsequent tighten- 
ing of the other bolts affects 
the gasket pressure only in 
localized areas. 

When two bolts diametric 
ally opposite each other are 
tightened it is obvious that the 
portion of the gasket adjacent 
to the first bolt tightened, 
which may be called the enter- 





when they are simply tight- 
ened in succession around the 
circle the gasket pressure will 
not be uniform. It would be 
ideal from the standpoint of 
uniform gasket pressure if all 
the bolts could be tightened 
simultaneously, but as_ this 
cannot be done the next best 





thing is to approach the ideal 
as closely as possible. A good 
procedure is to tighten all the 
bolts by hand, then tighten 


Fic. 3—OrpER FOR 





TIGHTENING BOoLTs FOR 
FLANGE 





ing bolt, will be subjected to a 
somewhat higher pressure 
than the portion adjacent to 
the second bolt, which may be 
called the leaving bolt. How- 
ever with the order of tighten- 
ing as illustrated in Fig. 
the entering and leaving bolts 
alternate around the circle ex- 
cept on one diameter, and 
this distributes the gasket 
pressure as uniformly as 's 
possible in actual installat: 


16-Bo.t 
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InyEcTOR Priprinc For A 900-Lz. 
Borter. Notre THE SCREWED 
Jornt Low-Pressure PIPING 
ON THE Suction Line. HIGH- 


PRESSURE FLANGED Jornts ARE 
OF THE AsBEsTOS-GASKET TyPE. 
ScreEwep Jornts, BACK WELDED, 
Are Aso USED ON THE HIGH- 
PRESSURE PIPING 


work. While this routine is somewhat more 
intricate than simply tightening the bolts in 
sequence it can be carried out readily and a 
more uniform gasket pressure is secured. 

In this connection it is probably desirable 
to introduce a word of caution against ex- 
cessive tightening of bolts. When the flanges 
and bolts are fully up to the requirements of 
the American standard, the type and finish 
of flange faces, and the type, width and thick- 
ness of gaskets are properly chosen, dishing 
of flanges and over-stressing of flange bolts 
should not be necessary in order to secure 
tight joints. The procedure followed in the 
tightening of bolts should be governed ac- 
cordingly. 

So far as the writer knows the only method 
of accurately determining the stresses set up 
in the bolts is actually to measure the elonga- 
tion of the bolts. The modulus of elasticity 
of the alloy-steel bolting material at atmo- 
spheric temperature may be taken as 30,- 
000,000 and using this value the elongation 
of the bolts may be converted directly into 
stress if the elastic limit of the material is 
not exceeded. 








Field Testing of Joints 

It is necessary to subject high-pressure steam lines 
to an internal pressure test before placing them in serv- 
ice in order to make sure that all joints and other parts 
of the system are tight and capable of withstanding the 
working pressures to which they will be subjected. 

All valves are thoroughly tested at the factory before 
shipment, but the test after being mounted in the pipe 
line is also desirable so as to determine definitely that 
they have not been injured in any way subsequent to 
the factory test. 

The increase in steam working pressures has been 
so rapid during recent years that the development of 
standard, universally accepted pipe line erection and 
testing methods quite naturally has lagged behind be- 
cause of lack of a sufficient background of experience in 
this new field. 

The usual method of testing is to subject the system 
to a hydrostatic pressure of from 1% to 2% times the 
‘team working pressure and a steam test at the full 

orking pressure also may be required. For moderately 

gh pressure systems of around 200 to 300 Ib. the 
drostatic test pressure has often been 214 times the 
king pressure, but for the higher pressure it is seldom 
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considered desirable to subject the system to a test pres 
sure in excess of twice the working steam pressure. 

The present trend of engineering thought along these 
lines is to make a distinction between indoor and outdoor 
piping and to specify a more exacting test for the indoor 
piping because of the greater hazard to human life and 
the possibility of large property damage and extended in- 
terruption of service if a failure should occur. 


Test Pressure Must Be in Proportion to Working 
Pressure 

The test pressures which are favored at present for 
these two piping divisions are twice the working steam 
pressure for indoor piping and 1% times the working 
steam pressure for outdoor piping. While higher hydro- 
static pressures would be somewhat more effective in 
detecting leaks, they increase the bolt and flange stresses 
and decrease the gasket pressures so much that a joint 
designed to hold the test pressure may be badly out of 
proportion for the working pressure at which the pipe 
line is intended to operate. 

To illustrate this, consider the case of an A. S. A, 12 
in., 600-Ib. joint. 


The initial stress in the -in. bolts 
rl itial st the 1% bolt 
as shown in Fig. 2 is 24,000 Ib. per sq. in. 


> 


The corre- 
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sponding initial gasket pressure is 6,500 Ib. per sq. in. 
and the ratio of the initial gasket pressure to the work- 
ing pressure is 10.8. (See Table 2.) If a test pressure 
of, say, 3% times the working pressure (2,100 Ib. per 
sq. in.) were specified the gasket pressure would be re- 
duced to 3,180 Ib. per sq. in. and the ratio of gasket pres- 
sure to internal pressure would be reduced to 1.5. This 
ratio of gasket pressure to internal pressure is quite evi- 
dently too low and in order to insure against blowing out 
of the gasket it would be necessary to increase greatly 
the initial gasket pressure by excessively tightening the 
bolts. / 

Because of the higher initial gasket pressure, this 
would doubtless require the use of a special gasket suit- 
able primarily for the high test-pressure rather than for 
the working pressure at which the joint is intended to 
operate. For this reason, and also to reduce the danger 
of over-stressing the bolts and flanges, it is considered 
good engineering practice to limit the test pressure to 
not more than twice the working pressure. 


Hydrostatic Test Procedure 

After the pipe line is erected and the joints are 
properly made up, the next step is the application of the 
hydrostatic pressure test. In order to facilitate the 
locating of any leaks that may develop it is desirable in 
the case of extensive piping systems to subdivide them 
into convenient sections and test each section separately. 
The section under test is filled from the service pressure 
mains, great care being taken to see that all the air is 
vented out and the entire internal volume is completely 
filled with water. 

The pressure is then raised to the specified test pres- 
sure by means of a hand pump, after which one or more 
valves in the line between the pump and the test section 
of piping are tightly closed. Special attention must be 
given of course to valve stuffing boxes, the dead ends of 
the section, branch connections, outlets and all other 
points where leakage might occur, because the test speci- 
fications are based upon absolutely no leakage and usu- 
ally require that the test pressure shall be maintained 
within two per cent of its original value for 24 hours. 

In view of the fact that the coefficient 





of compressibility of water is so small as 
to be entirely negligible for the small 
pressure drop permitted in the specifica- 
tion, it is readily apparent that this per- 
missible pressure drop is really intended 
to cover pressure variations due to tem- 
perature changes rather than leakage. 





Drying Out of Valve Packing 

Valve stuffing box packings are sometimes trouble- 
some in tests of this character. This may be due to dry- 
ing out and air-hardening of the packing during the 
period the valves have been in stock subsequent to the 
factory test. However the type of packing required for 
high temperature service is rather hard at room tem- 
perature and even when the packing is new it is some- 
times difficult to make it hold absolutely bone dry on a 
high-pressure cold water test. In order to overcome this 
difficulty it is becoming rather common practice to use 
one or two rings of softer packing’ near the top of the 
stuffing box, with several rings of the harder packing 
helow and at least one ring above them. High tempera- 





ture steam valves are designed with condensing chambers 
and rather deep stuffing boxes so that the softer packing 
located as described is not subjected to the extreme tem- 
perature and it serves a useful purpose in preventing 
leakage when the line is cold. 

In blanking off the outlets, branch connections and 
dead ends, it is desirable to have some means of deter- 
mining that no leakage is occurring at these points, be- 
cause when difficulty is encountered in holding the pres- 
sure it sometimes involves a long and tedious search to 
discover the source of the leakage. 

No general rules can be laid down for governing these 
points because of the great variation in conditions that 
may arise, but it behooves the erection superintendent to 
make absolutely sure that no leakage is occurring through 
hidden connections. 


Testing Will Become Standardized 


While the methods of testing joints of high pressure 
steam lines have not been definitely standardized as yet, 
much progress along these lines has been made, and as 
the working pressures and temperatures in common use 
become stabilized and more experience is gained in test- 
ing procedure, definite standardization will no doubt be 
accomplished. 

Note: The writer wishes to express his appreciation 
to Mr. R. H. Baker for the piping illustrations and for 
helpful suggestions in the preparation of this article. 





Effect of Temperature on Metals 
Subject of Symposium 


The “Symposium on Effect of Temperature on Met- 
als,” published jointly by the American Society for Test- 
ing Materials and the American Society of Mechanical 
Engineers, contains the papers (including the discus- 
sions) which were presented at the joint meeting of the 
two societies held in Chicago, June 23, 1931. Accord- 
ing to H. W. Gillett, in his introduction to the volume, 
as a result of the first symposium on this subject in 
1924, the joint research committee on effect of tempera- 


, ture on properties of metals was established; this com- 


mittee felt that because of the progress made in the last 
seven years the time was ripe for a summation of the 
present pressing demands of the engineer, and of what 
the metallurgist has produced to meet these demands. 

The work is divided into two general sections, the 
first on engineering trends and requirements for metals 
at high and low temperatures and the second on proper- 
ties of available metals for high- and low-temperature 
service. Among the topics covered in the former are 
requirements of the power plant industry, steam turbine 
materials, requirements for high-temperature piping ma- 
terials, trend of progress in Great Britain, mechanical 
properties of metals at elevated temperatures, and the 
requirements of various industries. The second section 
contains sixteen papers on the properties of various 
steels and alloys. 

The book consists of over 800 pages and is carefull) 
indexed. Its size is 6x9 and it is attractively and sub- 
stantially bound. It may be obtained from the 4. S 
T. M.at 1315 Spruce st., Philadelphia, or the 4.5. M. E 
29 W. 39th st., New York City. 








The air conditioning of railway passenger cars is a line 
of activity which seems to be suffering no depression at 
the present time; in fact, developments in this field— 
both technical and commercial —are moving rapidly. 
Several railroads are already operating conditioned cars 
and trains, and several more conditioned cars are being 
built. This article is a general discussion of this subject, 

and it describes some of the systems in use today. 








Car Conditioning 
Developing Rapidly 








IR conditioning and cooling of railway passenger 
cars is a development which has commanded the 
increasing attention of heating and air condi- 

tioning engineers and of the public in the last five—and 

particularly in the last two—years. Although it is rela- 

tively new, passengers having experienced summer com- 

fort on railway cars patronize in large numbers the roads 

on which it is provided, and differentiate between the 

kind of summer atmospheric comfort on different roads. 

With the United States having 32 per cent of the railwav 
mileage of the world, 

with 52,100 passenger cars in the United States which travel 
approximately 700,000,000 passenger-miles per year, 

with approximately 60,000 persons occupying Pullman berths 
each night, 

with a decrease of 24 per cent in passenger traffic since 1924, 

with increasing demands for better atmospheric conditions in 
railway passenger cars both summer and winter, 

with the statement of leading roads that there is nothing 
within reason that they will not do for the atmospheric 
comfort and health of passengers, 

with the belief on the part of prominent railroad officials 
that air conditioning will bring back a large part of the 
railway travel lost to other modes of transportation, 

ir conditioning and cooling for railway passenger cars 

promises to be an engineering development of increasing 

mportance. It is stated that ninety-seven railroads are 

iow considering air conditioning and it is predicted that 

the summer of 1932 will see a number of additional 


rains so equipped. 
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This article has mainly to do with air conditioning 
and cooling. But let us first trace hastily the history 
of railway passenger car heating and ventilating in this 
country. With this background we can better appreciate 
and understand the present achievements in cooling and 
air conditioning. 


Methods of Passenger Car Heating 


When railway passenger cars were first heated crude 
cast-iron, wood-burning stoves were used. Then came 
the coal-burning stove followed by a coal stove encircled 
by a hot air chamber. About 1870 a closed hot-water 
system made its appearance, steam jackets being added 
later. Shortly after this what was known as “pressure” 
or “straight steam” heating system was introduced in car 
heating. This was developed into the vapor system 
about 1903, and while many improvements have been 
made, the same fundamental principles have been used 
for many years in heating cars in this and many foreign 
countries. 

In England during 1930 and 1931 four first-class 
coaches and five sleeping cars were equipped with what 
might be termed a warm-air system of heating and ven- 
tilation. Electric fans force air over steam coils and 
through ducts into the corridor. Air in the car may 
be recirculated or new air may be taken from outside 
Branch ducts lead to the various compartments. The 
rate of discharge is under control of the passengers 
who can direct the flow of air in any desired direction. 
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A Car PRECOOLER 
Usep sy THE B. & O. 
A Fan Draws AIR 
FROM THE QUTSIDE 
Across Ice CAKES IN 
THE Truck, DtIs- 
CHARGING IT INTO THE 
Car THROUGH A 
Winvow. THE WaRM 
AIR IN THE CAR 
Passes Out THROUGH 
OvER-HEAD  VENTIL- 
ATORS 





The motor operating the fan requires 0.15 hp., current 
being supplied from the 24-volt lighting circuit. 


Heating Cars in Yards 

Passenger, express and mail cars awaiting occupancy 
are regularly preheated in cold weather by means of 
flexible pipe connections with the yard steam line, by 
steam from a locomotive, from a stationary boiler, from 
a steam accumulator, by placing the cars in heated build- 
ings, and in some instances by a coal stove or a portable 
emergency stove. 

The cost of heating cars standing at terminals is a 
substantial part of the total heating cost; in many cases 
a large part of it is unwarranted. It is not uncom- 
mon to find cars heated to 80 F or 100 F in extreme 
cases while lying in the yards. A temperature of 50 F is 
considered high enough for washing, cleaning and pre- 
freezing of toilets and water pipes and 
Much steam may be saved by suit- 


vention of 
damage to the finish. 
able temperature regulators. 

Average steam consumption of steel cars standing in 
the yards is 1-7/10 Ib. of steam per hr., for each degree 
of difference between inside and outside temperature. 
Following is a result of a test in a 70-ft. steel passenger 
car with windows, doors and ventilators closed, all ad- 
mission valves open, and standing in a yard temperature 
of 20 F. 


Inside Temperature of Car Steam Condensed per Hour 


50 F 30 Ib. 
70 F 60 ID. 
90 F 120 Ib. 


Coal consumption at 70 F inside and 20 F outside was 
approximately 300-350 Ib. for 24 hours, no temperature 
controls being used. Under running conditions conden 


sation was found to be about double this amount. 


Heating Cars in Motion 


For a steel car running 30 m.p.h., 3 to 3% Ib. of steam 
per hr. are usually required per degree difference be 
tween inside and outside temperature. Approximately 
twice the amount of radiating surface per cubic foot is 
used in railway passenger cars as is used in dwellings. 
Cars operating near the equator do not have heating 
equipment. Gas-electric cars are often heated with a hot- 
water system. Trains going into New York terminals 
pulled by electric locomotives are heated by a flash-steam 


boiler carried on the locomotive. This system is also 
used on gas-electric cars and for heating trailers. The 
flash-steam boilers are equipped with oil burners with 
automatic control. Practically all passenger, mail and 
express cars in Canada, the United States and Mexico, 
are heated with vapor steam or hot water. 


Precooling Passenger Cars 


Recently increasing interest has been manifested in 
precooling of passenger cars. Tests have shown that 
even in temperate latitudes, the temperature of the air in 
cars standing in yards under the summer sun _ will 
reach 100 F or more. Passenger cars have been and are 
now precooled by placing cars in tunnels or under shel- 
ters away from the sun with doors and windows open, 
by means of portable blowers which blow heated air out 
of the cars, by portable blowers which force ice-cooled 
air through the cars, by forcing air over ice containers 
in the car, by blowers which force refrigerated air 
through cars, by spray systems in the cars and by oper 
ation of the refrigerating systems in the cars themselves. 


Conditioning Cars with Ice 


An ice-cooled dining car on the Pennsylvania Rail 
road is equipped with ice bunkers in which are placed 
seven three-hundred pound cakes of ice. The bunkers 
are flooded with water which passes through a strainer 
to a pump underneath the car and is pumped to the 
cooling coils between the roof and the ceiling at one end 
of the car. This is used between New York and Wash- 
ington. 

Equipment for cooling cars by means of ice while 
standing still as well as in transit consists of two in- 
sulated compartments for ice attached to the bottom of 
the car with openings outside for filling with ice and 
openings inside the car. A pump, two fans and four 
extended-surface radiators and air filters are also part of 
the equipment. The ice is sprayed with water which 
is pumped through the radiators. Moisture is condensed 
on the extended surface radiators, keeping them wet. 
Air is drawn through the radiators at 250-ft. velocity 
and is discharged at 1,000 ft. per min. at the end of 
the car. No eliminators are necessary. 


Each compartment contains two radiators, a blower 





A CAR 


Ice COMPARTMENT AT THE END oF A RUN, ON 
Wuicu Is ConpITIONED By MEANS oF ICE 
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PULLMAN MeEtHop oF CONDITIONING AIR IN RAILWAY 
Cars 

A, fresh air drawn in from outside; B, air from in- 
side of car drawn into duct for conditioning; C, dirt 
fan; F, heating unit used in winter; G, 
cooling coils; H, distribution ducts; J, controls; J, 
generator which supplies power for operation; K, 
refrigeration machine ; 


collector; E, 


direct-drive for generator; L, 
M, brine tank from which cooled liquid is circulated 


to cooling coils; N, battery box for lighting system. 


and an electric motor. In some 
instances a flat air filter is used. 
The equipment consists of: 


INTERIOR OF THE 
PULLMAN MATANZAS 
Wuricn Is Egutrppep 
WITH AN Arr COonpI- 
TIONING SYSTEM. OutT- 
LETS FOR CONDITIONED 
Air May Be SEEN IN 
THE CEILING 


1 450 ampere-hour battery 
(std. equip.) 
1 4-kw. generator (std. equip.) 
2 ice tanks, each of 800 lb. ice 
capacity 
centrifugal pump—% hp. 
single hp. motor 
felt filters 
blowers, 1,000 c.f.m. % in. with %4-hp. motor each 
extended surface copper radiators 24x18 in. by 3.24 
in., 160 sq. ft. each 


& mh — — 


There are no automatic controls or dampers. Static 
pressure is maintained in the car at all times. In sum- 
mer weather conditions, approximately 350 Ib. of ice per 
hr. per car are used, equivalent to 5 tons refrigeration. 


Early Air Conditioning of Cars 

Some of the first experiments in air conditioning rail- 
Way passenger cars were made in Chicago in 1924, and 
fostered by the Atchison, Topeka and Santa Fe Railway. 
However, complete air conditioning, that is, control of 
temperature, humidity, motion and cleanliness of the 
air was first applied to a 74-ton steel car No. 5275 on 
the B. & O. Railroad on July 1, 1929. In April, 1930, 
the B. & O. placed in service the first mechanically- 
operated air conditioned dining car, the Martha Wash- 
ington. In May, 1931, the B. & O. ran the first com- 
pletely air-conditioned train, the Columbian, from New 
York to Washington. Each car has its own air-condi- 
tioning unit so that any car can be taken from the train 
without affecting the others. i 

Since that time air conditioning has been applied to 
two trains on the B. & O. from New York City to Wash- 
ington and to certain cars and trains on the B. & M., 
A. T. & S. F., M. K. & T., Pennsylvania and to Pull- 


man cars. The B. & O. now has 38 air conditioned cars. 


Some of the Factors to Be Considered 
Che air conditioning or cooling of railway cars re- 
quires careful study. Some roads running east and west 
cai release all the water in their cooling and heating 
co.ls during cold or temperate weather, whereas, cars 





running north and south are more likely to encounter 
decided changes in temperature. 
Angeles may enjoy relatively cool weather in spring, 
summer or fall in the vicinity of Chicago, but encounter 
much higher temperatures by the time they reach Albu- 
querque and sometimes still higher temperatures in cross- 
ing the desert and upon approaching California. Pas- 
sengers may leave a warm climate in the south and in a 
day or two enter a cold area in the northern part of the 
United States. Sometimes a cold or a warm wave covers 
a large part of the United States both north and south 
at one time. Railroads using air conditioning or sum- 
mer cooling must be ready at all times for these tem- 
perature changes. 


Passengers for Los 


One problem of importance in air conditioning railway 
cars—and it is a problem in theater and other building 
air conditioning—is to so balance the conditions in order 
that excessive shock and discomfort will not be experi- 
enced by a passenger upon leaving the air conditioned 
car, This would seem particularly important where only 
one car in a train (the diner, for instance) is condi- 
tioned. 

Heating of railway passenger cars is necessary during 
six or eight months each year in the northern parts of 
the United States and less than six months each year 
in the South, depending upon the latitude. On roads 
providing air conditioning or cooling in summer, the 
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equipment is in operation approximately 
each year. 

Space is an important factor; it is usually limited so 
special attention is given to the size of equipment. Manu- 
facturers strive to design equipment which is quiet, safe, 
light in weight, to use as little equipment as possible 
and make equipment which can utilize the power which 
is cheapest, most dependable and available whether the 
train is running or standing still, in train, or detached. 
Their object is to design equipment so simple in con- 
struction and operation that the average trainman will 
find no difficulty in its operation. Equipment must be 
designed to stand hard usage with minimum repair or 
maintenance costs. 


An Air Conditioning System Used on a Number of 
Railroads 

Kor air conditioning or cooling of railway passenger 
cars in transit, the following methods have been or are 
now employed: Forcing air over ice or pumping ice- 
cooled water through coils, the ice being held in con- 
tainers in the car; by spray systems and by refrigerating 
systems, either compression or vacuum. 

In one type of air conditioning system used on the 
B. & O. and other roads the cooling tower is located 
on one side of the vestibule entrance, the door being 
closed for this purpose. The remainder of the equip- 
ment is located in the half deck or suspended under- 
neath from the supporting structure of the floor. 
Among the types of power used are: (1) A compres- 
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@— L } 
VS 
ILLUSTRATING THE 
SYSTEM OF CONDITIONING 

OPERATION OF THE SYSTEM: In operating the ejector 
system, the tank AK is partly filled with water. The operator 
pushes an electric button and a lamp is lighted indicating that 
The button starts circulating 


DIAGRAM OPERATION OF A STEAM EJECTOR 


the system is ready for operation. 
Dampers are adjusted, for when closed the system will 

Then pump S for the condenser water and fan 7 for 
At this point the operator turns 


fan A. 
not start. 
the cooling tower are started. 
on the valve permitting steam to pass through the strainer and 
separator in the steam line / and enter into the system through 
the ejector E. The ejector pulls a vacuum on tank K, cooling 
the water to 40 or 50 F, as required. 
from the being 
and 


velocity 
and / 


forced at high 
through nozzle E, from K 
Kinetic energy causes the steam and water vapor to be com 


Steam locomotive 


entrains water vapor 
pressed into condenser coils G, which are a part of the cooling 
tower. Condensate water from make-up tank N is sprayed over 
the condenser coils and heat is removed by the evaporation of 
the condenser water from the surface of the condenser tubes, 
returning it to tanks N and K. 

A second ejector O is so constructed that it takes all the con- 
densate it can get, delivering it to make-up tank N, the remainder 
flowing into evaporator tank K. 

The cold water pump Q draws cold water from evaporator 
where it re- 
This 
water, having absorbed heat from the air, is returned to evapor- 
ator tank at F. 
under the vacuum influence of ejector Z, and the cycle is com 


tank K and circulates it through cooling coils C 
moves heat from the air which circulates through the car. 


The spray being warm, it vaporizes rapidly 


plete. 

The amount evaporated from the condenser tubes in the tower 
is nearly equal to the amount of steam and water vapor con- 
This nearly equal quantity is returned to make-up tank 
Make-up water is added as re- 


densed. 
N, and to evaporator tank K. 
quired, the amount depending upon the temperature of the outside 
air. 

brine and water circulating pumps are driven 
mechanically by a gasoline engine while the fans which 
serve the cooling tower and distribute cooled air ar 
driven by motors in the electric lighting circuit whic! 
receives its power from the car axle. (2) The second 
type consists of a gasoline-engine generator set, th 
equipment being actuated by electric power from this 
source. (3) The third type is a body-hung axle-drive 
electric generator. In the first type a rotary pump 
driven by a gasoline engine which circulates the brin 
while in the second and third types the pump is drive: 


sor, 
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by a 34-hp. motor. The first and second types of power 
units required a fuel supply tank which is protected 
by a tank of carbon tetrachloride connected to the tank 
in such a manner as to dilute the gasoline and make 
it noninflammable. Power has also been obtained by 
using small turbines supplied with steam from the loco- 
motive. 

Other equipment consists of a rotary compressor, 
cooler, condenser, pumps, cooling tower, cooling tower 
fan, cooling coils and ventilating fans. The fan for the 
cooling tower draws air through a water spray. The 
ventilating fans circulate air at the rate of 3,000 c.f.m. 
The fans which distribute air operate under three-speed 
manual control to regulate the temperature according to 
the weather. They distribute air through the opening 
in the upper deck panel of each side of the car, where 
the exhaust ventilators were formerly located. The 
cooled air passes to the floor in the center aisle at low 
velocity and then is circulated back to the fans through 
a return air grille located in the ceiling near the end 
of the car. 
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With the axle-generator system the power is cut in 
when the train is running 30 m.p.h. and is cut out 
automatically when the speed drops to 20 m.p.h. When 
the train slows down, the ventilating fans are operated 
from a storage battery and continue to circulate the 
cool air while the refrigerating apparatus is shut down. 
Flow of the refrigerant to the cylindrical brine cooler 
(6 ft. 534 in. long by 1234 in. in diameter) is controlled 
by a float. 


A Steam Ejector Air Conditioning System 


Another system for air conditioning railway cars uses 
steam direct from the locomotive while running or stand- 
ing still and steam from an outside source when cars 
are detached from a locomotive. This system (for the 
purpose of this article) may be termed the steam ejector 
system. It is designed to control the temperature, 
humidity, cleanliness and distribution of the air in sum- 
mer and for the colder seasons to provide humidity, 
cleanliness and movement of the air and to supply a 
part of the heat, the remainder to be supplied by the 
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regular floor heating coils to be used as a protec 
tion against freezing of pipes when the air circulating 
unit is shut down. Warmed or cooled air from this sys- 
tem is delivered through ducts at the top and one end 
of the car. 

Principle of the Steam Ejector Method: 
based on the principle which causes water to boil or give 
off its heat and so become cooler as the atmospheric 
pressure on it is reduced. In other words, the tempera- 
ture of the water corresponds to the pressure on it. 


When the absolute pressure over water is reduced to 
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0.178 Ib. per sq. in., the temperature of the water is 
50 F, or when the absolute pressure is reduced to 0.089 
lb. per sq. in., the temperature of the water is 32 F. 
The lowering of the pressure is produced by the passage 
of steam at any temperature through the ejector. 
Steam Ejector Location, Dimensions and Capacity: 
The ejector system equipment is concealed in the roof 
at the ends of the car. It supplies 2,000 c.f.m. of con- 
ditioned air affording a complete change of air each 
minute. The refrigerating capacity is 5 tons of melting 
ice for each 24-hour period. It is designed to remove 
1,000 Btu per min. or 60,000 Btu per hr., which is equal 
to the heat normally dissipated by 150 persons. The 
complete air conditioning unit weighs about 5,000 Ib. 
Steam consumption of the ejector is about 3 lb. per min. 
or about 170 Ib. per hr., under maximum conditions. 


ALTHOUGH THE PASSENGERS ON 
A Train Sucn as Tuts ONE 
Unpoustepty Gor Enoucu 
“FresH” Arr, It Is UNLIKELY 
THat Tuer “ATMOSPHERIC 
Comrort” Was EQuAL To 
THAT OF THE PASSENGERS ON A 
Mopern TRAIN SUPPLIED WITH 
CLEAN, Coot AND PROPERLY 
CIRCULATED AIR 


line losses may add another 25 lb. per hr. Less steam 
is required for cooling in summer than for heating in 
Water consumption is 12 to 14 gal. per hr. for 
a hot day. Twenty-five to thirty-five per cent outside 
air is used. Each of the two main units installed 
measures approximately 4 ft. 3 in. by 4 ft. 10 in., and 
27 in. deep, although dimensions vary slightly according 
to the type of the installation. Cooling a car fronr 90 
l* outside to 70 F inside may be done at an approximate 
rate of 1 F per min. It probably would take % hr. to 
cool a car 20 F, 

As the water is cooled by the energy of the steam 
from the locomotive, electric power generated on the 
train is confined to the operation of fans, pumps and 
lights. 

The tank holds approximately 400 lb. of water. The 
unit is designed so that it can be lifted from the car 
for repairs. 


winter. 


Another System 

In an air conditioning system which is applied to Pull- 
man cars, the power is obtained from the car axle, con- 
nected to a 32-volt generator for the car lighting system. 
The compressor output reaches its maximum at a set 
train speed and maintains this output constantly. 

Separately from this power supply, an electric motor 
is provided for standby service, obtaining its power 
from the yard or station lines while standing at the 
station or in the yard. 

The portion of the refrigeration equipment which is 
under the car is mounted in one box consisting of com- 
pressor, condenser, receiver tank and cooling fan for the 
F-12 is the refrigerant used. 

A heating coil is also provided overhead adjacent to 
the cooling coil and is used for partial heating of the car 


condenser. 


during cold weather and tempering of the air used in 
the ventilation of the car during mild weather. The 
heat supply for this coil comes from the steam train line, 
and is reduced to vapor before entering the coil. Humid- 
ity is maintained by vapor exhausted from the radiator, 
automatically controlled. 

Of the air which is used for cooling and heating the 
car, approximately 25 per cent is drawn from outside 
the car and filtered, and 75 per cent is recirculated. It 
is then blown through the cooling coil or heating coil, 
entering ducts running longitudinally of the car, and 
flowing from outlets in the various rooms or compart- 
ments. 

A Self-Contained Axle-Driven System 
individual-car, all-electric air 
refrigerating system for railway 


condi- 
cars 


A recent 
tioning and 


storage battery en- 


uses power from the axle. A 
ables the system to operate when the car is stand- 
ing still as well as when it is in motion. At low train 
speeds sufficient power is generated to operate the sys- 


tem; at higher speeds the power is stored for use in 


precooling or when the train is standing still. 


Air Travel: Air is drawn from the car into the air 
conditioning unit beneath the ceiling at one end of the 
car. Here it passes over frosted fin-surface cooling 
coils containing liquid F-12. Heat and moisture are 
absorbed by the coils and foreign matter is removed 
from the air by contact with the frosted surfaces. The 
air may be mixed in the air conditioning unit with air 
from the outside drawn through a grille in the ceiling of 
the vestibule and passing through a filter. The condi- 
tioned air is discharged into a duct along one side of 
the car in the space usually devoted to ventilators and 
is distributed throughout the car. The air is returned to 
the air conditioner through the return grille. 

Refrigeration: A closed-cycle refrigerating unit con- 
sists of a compressor and motor beneath the car. The 
refrigerant in the form of vapor passes from the com 
pressor to the liquefying unit which may be a cooling 
tower liquefier or an air-cooled liquefier. The liquefied 
refrigerant then passes through a float regulator to 
the fin coils in the air conditioner and is returned to the 
compressor, completing the cycle. 

In the air-cooled liquefier, air is drawn into the cham 
ber through a vent in the side of the car, blown over the 
coils and is discharged at the top of the car. 

Controls: By means of a button control panel the sys 
tem is started, operated with or without refrigeration, 
or stopped. If the battery should become under-charge« 
a hand switch delivers to it the full power available. 
thermostat stops all equipment but the air condition: 
fan when a predetermined temperature is reached. 























Fic. 8—SToKER AND BorLer INSTALLATION IN CHANDLER SUBSTATION OF THE Detroir Epison COMPANY 


SELECTING THE RIGHT SIZE 
HEATING BOILER » « « « By Sabin Crocker* 


MONG the items affecting the selection of (5) Efficiency with hard or soft coal, gas- or 
the right size steam or hot water heating 


boiler are the following: 


oil-firing as the case may be. 
(6) Grate area with hand-fired coal, or fuel 


(1) Amount of connected (standing) radiation. burning rate with stokers, oil or gas. 


(2) Heat loss from bare and cevered piping in (7) Combustion space in the furnace. 


supply and returns. (8) Type of heat liberation, whether continu 





(3) Domestic hot water requirements ous or intermittent or a combination of both. 


(4) Satisfactory warming-up period from a cold or partially In the February issue the first three of the above items 
cold condition of the entire system. were discussed in detail; last month Item 4 was con 


Engineer, The Detroit Edison Company, Detroit, Mich. sidered, and this article is devoted to Items 5, 6, 7 and &. 


Among the items which must be considered in the selection of the right size healing boiler are the grate 
aiva with hand-fired coal, or the fuel burning rate with stokers, oil or gas; the combustion space in the 


furnace; and the type of heat liberation. How these factors are allowed for is told in this article. 
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Fuel-Burning Rate 


Maximum fuel-burning rate is an important item to 
consider in selecting a heating boiler. Inability to burn 
sufficient coal, oil or gas—as the case may be—will pro- 
long the warming-up period and may result in failure 
to carry the designed radiation load. With a hand-fired 
coal job this difficulty can be overcome after a fashion 
by excessive forcing of the fire, provided sufficient draft 
is available. With a stoker, or with oil or gas firing, the 
maximum combustion rate is limited by the capacity of 
the fuel-burning equipment, and further forcing is im- 
possible. It is imperative, therefore, to pay even more 
attention to securing ample capacity with such equip- 
ment than it is with manual firing of coal. In any 
event, it is good practice to select fuel-burning equip- 
ment which has sufficient reserve capacity to carry the 
maximum load with some margin to spare. In the fol- 
lowing discussion of different types of firing it is as- 
sumed that a chimney is provided of adequate propor- 
tions to produce the requisite draft and carry away the 
products of combustion under maximum conditions. 


Hand-Fired Coal Boilers 


With hand-fired coal boilers the maximum combustion 
rate depends on the kind of fuel and the grate area. 
Higher combustion rates with a given fuel are expected 
in large boilers than in small ones. This is due in part 
to ability to burn more fuel- per sq. ft. of grate area in 
a large boiler, as well as to shorter firing intervals and 
more skilled attendance. Residence boilers and other 
small jobs are expected to aperate for comparatively 
periods without attention, while larger boilers 
operated by a fireman can be tended more frequently. 
Table 12 gives the recommendations of the 4.S.H.V’.E. 
for practical maximum com- 
bustion rates for various fuels 
and ranges of grate area. 

The Steel Heating Boiler 
Institute has established a code 
for the rating of steel boilers 





long 






which relates output and grate 
area. According to this code, 
ft. of 240-Btu radia- 
Items /, 
2 and 3 (previously described ) 


the Sq. 
tion represented by 


shall not be more than four- 
teen times the sq. ft. of heating 
surface for hand-fired boilers 
burning solid fuel. On the 
basis that this ratio is not ex- 
ceeded, minimum grate area is 
determined from the follow- 
ing empirical formulas: 

For boilers with ratings between 
300 and 4,000 sq. ft. of steam radi 
ation : 


f steam radiation)—-200 
Crate area ot a diatic 


S55 


| (Rating in sq. ft 


For boilers with ratings of 4,000 sq. ft. of steam radiation and 


larger: 


of steam radiation)—1,500 


Grate area 


(Rating in sq. ft 
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TABLE 12—PracticAL COMBUSTION RATES FOR REL- 
ATIVELY SMALL COoAL-Firep Heatinc'- Borers 
OPERATING ON NATURAL DRAFT OF FROM % IN. TO 

14 In. WATER® 








Ls. or CoaL 
Sq. Fr. Grate Kiyo or Coat Per Se. Fr. Grate 
| Per Hr. 
Up to 4 | No. 1 Buckwheat Anthracite 
5 to 9 | No. 1 Buckwheat Anthracite 34 
10 to 14 | No. 1 Buckwheat Anthracite 
15 to 19 No. 1Buckwheat Anthracite 414 
20to 25 | No.1 Buckwheat Anthracite 5 
Up to 9 |.....-Amthracite Pea...... 5 
10 to 19 |......Anthracite Pea...... 5% 
20 to 25 ....-Anthracite Pea...... 6 
Up to 4 | Anthracite Nut and Larger. 5 
5 to 9 | .Anthracite Nut and Larger. 6 
10 to 14 |. Anthracite Nut and Larger. 7 
15 to 19 | Anthracite Nut and Larger .| 8 
20 to 25 Anthracite Nut and Larger. 4 
Up to 4 Seer Bituminous........ 4 
i See Fee ee Bituminous. ....... 7 
15 and above .Bituminous........ 10 





@ Steel boilers usually have higher combustion rates for 
grate areas exceeding 15 sq. ft. than those indicated in 
this table. 


No such empirical rules have been established for cast- 
iron boilers, although the tendency is toward the publica- 
tion of performance curves and catalog data regarding 
boiler heating surface and guaranteed efficiencies at 
various rates of heat transfer. Typical values for the 
relation between grate area and heating surface of steel 
and cast-iron boilers are compared in Table 13. 


Heating Surface 


It will be noted that the ten- 
dency is to provide more heating 
surface for a given grate area in 
steel boilers than in cast iron. This 
would indicate that for the same 
rate of heat transfer, a higher rate 
of combustion per sq. ft. of grate 
area is assumed in the case of steel 
boilers. On the other hand, for a 
given rate of combustion per sq. 
it. of grate area, more heating 
surface is provided in steel boilers 
Also for the rate of heat 
transfer per sq. ft. of surface, 
since more surface is provided, 


EXTERIOR OF 
SUBSTATION, 
First SECTION 





same 


the steaming capacity of a steel 
boiler per sq. ft. of grate area is 
greater than that for a cast-iron 
boiler. Jf selection is made on a 
basis of grate area, this should re 
sult in higher efficiency in a steel 
boiler than in a cast-iron boiler o/ 
the same grate area, Another interesting condition 
brought out by Table 13 is the increase in heating surfac« 
per sq. ft. of grate area with increase in boiler size. This 
fits in with the higher combustion rates per sq. ft. 

grate area in larger boilers and tends toward a unifor! 

rate of heat transfer per sq. ft. of boiler surface throug! 

out the range of boiler sizes. 
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ciation has adopted a set of engineering standards for 
the selection of cast-iron heating boilers. These stand- 
ards relate connected load to grate width and _ boiler 
length in rectangular sectional boilers and extensive 
tables are given for the allowable load corresponding to 
various grate widths and boiler lengths. Similar data 
are given for round cast-iron sec- 
tional boilers in which credit is 
given for the extra convection 
surface obtained by adding more 
sections. These tables afford a 
practical basis of selection for 
conventional types of cast-iron 
boilers whose characteristics are 
comparatively uniform, but they 
would not be of value for special 
design such, for instance, as those 
having pin-type extended  sur- 
face, or zig-zag water tubes. 


Stoker-Fired Coal Boilers 


Where stokers are installed in 
low - pressure heating boilers, 
common practice is to size the 
boiler as for hand firing using 
the customary heating surface 
and grate area called for by the 
load. The usual grates are re- 
moved, of course, and a suitable 
retort and dead plate installed in 
their place. The stoker should be 
selected with a view to obtaining 
the requisite coal-burning capac- 
ity by a safe margin. The blower 
used with the stoker must be 
able to supply approximately 
31/3 c.f.m. of air (measured at 
70 F) for each pound of coal 
to be burned per hour. Ample 
combustion space above the fuel 
bed is highly desirable to in- 
sure smokeless combustion, and 
heights of combustion chambers 
sometimes are fixed by state or 
municipal codes. Table 14 gives 
setting heights recommended for 
heating boilers, 

The actual loads referred to in 
Table 14 represent the sum of Items 7, 2 and 3 outlined 
in these articles, rather than boiler manufacturers’ rat- 
Furnace volumes are based on a heat liberation 





Fic. 10—SToOKER 


Ings, 


Taste 13~—TypicaL VaA.Lues ror Sq. Fr. or Borter HEATING 
SURFACE PER SQ. Fr. oF GRATE AREA 














Sq. Fr. Hestine Surrace Pur Sq. Fr. Grate Anza 
_  , i neneeneeee meee aD 
Sq. Fr. Cast-Iron Sree. PortsBie 
SECTIONAL Frre-Box Trpz 
15—25 SS ees, rer rete 
25—50 10—12 15—17 
, 50—100 10—12 15—17 
100—500 11—16 20—30 
500—1000 16—25 25—35 
I Ma a a has | 35—55 











rate of 50,000 Btu per hr. per cu. ft. of combustion space 
with a view to insuring smokeless combustion with high 
volatile fuels. The furnace heights called for in Table 14 
are not always realized in actual practice, especially when 
stokers have to be fitted in existing boilers with a mini- 
mum of rearrangement, The writer knows of several 36- 


BS td 
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in. cast-iron boilers which have been fitted with underfeed 
stokers where the tops of the retorts were installed at 
the former grate level and satisfactory operation ob 
tained with a furnace height of not to exceed 26 inches. 
This is less by the lettered dimension A denoting the 
required depth of stoker pit or height of raised setting 
than the furnace height of 48 to 51 in. called for in 
the section of Table 14 designated “Compact Welded 
Boilers” which comes the closest to fitting this condi 
tion. Many compact welded boilers show a deficiency 
in this respect similar to that of cast-iron boilers, al- 
though not always to the same extent. 

In order to get the required furnace height with cast- 
iron or compact welded boilers it usually is necessary 
either to pit the stoker, or, where water-line conditions 
and headroom permit, to raise the boiler on a brick foun 
dation setting. The latter course has advantages, where 
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With oil-fired boilers due care must be exer- 
cised to see that the oil-burning equipment has 
ample capacity to develop the required boiler 
output. It is desirable to have the oil burner 
somewhat oversize rather than under the expected 
requirements, since the maximum rate of oil 
burning is definitely limited by the design of 
the burner. » » » » » » » 


In selecting gas-fired boilers, it is the writer's 
opinion that it is better practice to select a 
somewhat larger boiler than the minimum and 
then throttle down gas and air adjustments as 
required to obtain optimum operating conditions. 
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TABLE 14—RECOMMENDED SETTING HEIGHTS FOR HEAT- 
ING Borters Equippep WitTH MECHANICAL STOKERS 


Midwest Stoker Association 


Firebox Boilers 





ActvaL Loan 2500150017500] 100001125001 15000 20000|25000|30000 














A 18”| 18" | 20°| 20” | 22” | 22” | 24” | 24” | 24” 
B 42” | 48” | 54”| 60” | 66” | 72” | 78” | 84” | 84” 
A = Distance from bottom of Water Leg to floor. 


B = Distance from Crown Sheet to bottom of Water Leg. 


Compact Welded Boilers 


2500|5000|7500| 10000|12500| 15000|20000|25000|30000 





ACTUAL LOAD 











as Ss oad eed wm Oe 

| | 
A | 19°| 18°| 20°| 20° | 22 | 29 | 24” | a4 | og 
B 30” | 33 | 36"| 42” | 45” | 48” | 54” | 60” | 60” 


A_= Distance from bottom of Water Leg to floor. 
B Distance from Crown Sheet to bottom of Water Leg. 


H. R. T. Boilers 





HP. | 50 | 75 | 100 | 125 | 150 | 175 | 200 225 | 250 275 | 300 
none, SER) Abel ATE AS KM CRN Bat Re OS Ae ES 
r en ee ae 7) Bel >» Bel 
A 5/-0"|5'-6”|6’-0"| 6’-6”|7'-0"|7'-0"|7'-6"|8’-0"|8’-6"|9’-0"|9’-0” 

A = Distance from bottom of shell to floor. HP. = In- 


stalled horsepower. 


In the case of the FIREBOX or COMPACT WELDED 
type boilers the desired setting height can be obtained by com 
bining the A and B dimensions. The load ratings shown for 
this class of boilers are actual developed loads in square feet 
of equivalent cast-iron steam radiation and are not manufac- 
turers rating. 

_ The setting heights given for H. R. T. boilers may be used 
for developed loads up to 50 per cent above normal rating. 


_The above tables were prepared by the Midwest Stoker Asso- 
clation as a guide for architects and consulting engineers in 
determining the head room requirements for heating plants. 


practicable, in giving a better working space around the 
boiler and stoker. On the other hand where a monorail 
conveyor or other handy device is not provided for han- 
dling coal and ashes, it may be more convenient to fill 
the coal hopper of a pitted stoker than to shovel coal 
by hand into the hopper of a raised setting job. If the 
size of the system permits, it is desirable to have the 
hopper large enough to hold at least an eight-hour coal 
supply to carry the stoker through the night without 
attention. 

A view of the pitted stoker installation for Chandler 
substation is shown in Fig. 8. The stoker in this in- 
stance is installed in a 54-in. header-type cast-iron boiler 
sized for carrying 13,000 sq. ft. of 240-Btu steam radia- 
tion in the ultimate building, the first section of which, 
representing a load of 8,841 sq. ft., is shown in Fig. 9. 

A traveling hoist is used for handling coal and ash 
the installation Fig. 8. This 
stoker has a single side dump with the clean-out door 
located alongside where the shovels are standing. 

\ double-dump stoker installed in a 50-in. push nipple 
cast-iron boiler mounted on a raised setting is shown in 
the view of the Howard substation boiler room, Fig. 10. 
The ultimate building in this case represents a load of 
4200 sq. ft. of 240-Btu steam radiation. A monorail 


buckets in shown in 


lor handling coal and ashes also appears in this view. 
Oil-Fired Boilers 
‘Vith oil-fired boilers due care must be exercised to 
see that the oil-burning equipment has ample capacity 


to -evelop the required boiler output. It is desirable to 
ha\ : the oil burner somewhat oversize rather than under 
the expected requirements, since the maximum rate of 
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oil burning is definitely limited by the design of the 
burner. 

With a full-automatic burner it is desirable to use a 
larger boiler than would be required with coal firing, 
since the oil fire is operating at its maximum rate while 
on and adjusts itself to weather conditions by the length 
of time between periods of operation. This is quite dif- 
ferent from coal firing where it is seldom necessary to 
push the fire to its maximum intensity, and most of the 
fuel used during the season is burned in a slow fire. 
Consequently a somewhat larger boiler is required with 
oil to obtain as low a stack temperature as would corre- 
spond to normal operation with coal. 

With semi-automatic or with manually-operated oil 
burners it is not necessary to operate them at maximum 
output all the time, as the fire can be adjusted to suit load 
requirements. Under these conditions the necessity for 
a large boiler is not so evident, although it may be found 
desirable from a standpoint of fuel saving. 

The amount of combustion space required for burning 
oil depends to a considerable extent on the design of the 
burner and furnace. A good general rule is that there 
should be one cubic foot of furnace volume for each 1% 
to 2 Ib. of oil burned per hr. There are successful oil 
burner and boiler combinations on the market, however, 
which do not require this furnace volume. The absence 
of the incandescent fuel bed existing with a solid-fuel 
fire lessens the necessity for large furnace volume and 
extensive radiant heating surface. Liberal provision of 
convection surface seems more important with oil and 
gas firing than does large furnace volume and the pres- 
ent tendency is for ample heating surface in the flue 
passages. 

The Steel Heating Boiler Institute code previously 
referred to allows 17 sq. ft. of 240-Btu. radiation per 
sq. ft. of boiler heating surface where oil or gas is burned 
or where solid fuel is mechanically fired, as in stokers. 
This load is 21.5 per cent greater than the Institute's 
recommendation for hand-fired boilers burning solid 
fuel. While it may be possible to force boilers with oil, 
gas or stoker firing to this extent, it usually is not de- 
sirable with oil or gas from an economy standpoint. 
Consequently the general trend seems to be contrary to 
this particular recommendation, 

Where an oil burner is installed with a refractory 
lining inside the combustion chamber, pains should be 
taken to see that the refractory setting does not screen 
an undue amount of the radiant heating surface in the 
furnace, as available radiant surface should be utilized 
to the fullest extent. Many cast-iron boilers are built 
without base sections and have water legs coming down 
to and resting on the floor. This water leg surface has a 
high rate of heat absorption if exposed to direct radia- 
tion from the oil flame, and should not be screened more 
than necessary. For this reason such boilers should be 
installed on a raised setting, or the burner pitted suf- 
ficiently to keep as much of the refractories as possible 
below the water legs. A stoker-fired boiler without 
base section and mounted on a raised setting as proposed 
in this instance is shown in Fig. 10. The setting need 
not be so high for oil burning since oil can be burned 
satisfactorily with less furnace volume than is desirable 
for the smokeless combustion of high volatile coal. The 
writer knows of several instances where the performance 
of oil-burning boilers was greatly improved by changing 
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the setting in this way. Usually with existing installa- 
tions this is most easily accomplished by pitting the 
burner. 

A semi-automatic oil burner installed in the Ecorse 
Road warehouse is shown in Fig. 11. The boiler is of 
the return-tubular fire-box type with 297 sq. ft. of heat- 
ing surface and has a total connected load of 3,016 sq. ft. 
of 240-Btu radiation. This represents 10.1 sq. ft. of 
radiation per sq. ft. of boiler heating surface and per- 
formance has been very satisfactory. The burner is of 
the centrifugal-atomizing-type, manually started and 
with a high- and low-fire control operated by a steam 
pressure bellows. The combustion rate varies from 3 to 
15 gal. per hr. One of the special features of this job 
is provision for incinerating trash on water tube grates 
which are the usual type provided in down-draft smoke- 
less coal-burning boilers. This arrangement is made 
possible by mounting the burner entirely outside the 
boiler on the lower firing door, thus leaving the combus- 
tion space clear and the ash-pit door free for the removal 
of refuse. 

Gas-Fired Boilers 

Selection of the right size gas boiler is discussed at 
some length in the bulletin on house heating, (third 
edition) of the American Gas Association, from which 
the following is quoted: 

“Unlike boilers designed to burn solid fuel, the question of 
the firing period or available fuel capacity is not a factor in 
estimating the size of gas boilers, which instantly deliver their 
full rated capacity whenever the gas is turned on. The highest 
operating efficiency is obtained when the rated output of a gas 
boiler most nearly equals the exact heating requirements of the 
building. 

“It has been the common practice to assume that the extra 
tax imposed on the boiler due to piping installed is about 25 
per cent of the amount of column radiation and to add a further 
25 per cent to this total to take care of starting load or “pick 
up” under thermostatic control. 

“The proportionate amount of piping to radiation is consider- 
ably greater in a small than in a large installation, and while 
25 per cent in general instances fairly represents the tax imposed, 
yet upon a percentage basis the additional load imposed on the 
boiler by the amount of piping necessary in a small installation 
may be as high as 40 per cent of the amount of radiation in- 
stalled, whereas on very large jobs this per- 
centage may be as low as 15 per cent. 

“A gas-fired boiler is so sensitive to water tem- 
perature or steam pressure regulation, as well as 
automatic room temperature control, that in most 
cases adding 25 per cent for “pick-up” load will 
be ample for average continuous residence heat- 





ing. Where the building is irregularly or period- 
ically heated, either by automatic or hand control, 
this percentage should be increased to 50 per cent or 60 per cent. 

“The most accurate method for selecting the proper size of 
boiler for any given installation is to determine the exact amount 
of standard column radiation required to heat the building to 
required, and then to add the actual heat 
losses from covered or uncovered piping in units of sq. ft. of 


the temperatures 


standard column radiation. 


“Table 15 gives the factors by which the installed radiation 
should be multiplied to determine the size of boiler required. 
This is designed to take care of starting and piping allowances 
The table can only be 


direct radiation 


under automatic control. 
used, however, where the installation is all 


designed for interior temperatures at or near 70 F. This method 


for systems 


of estimating the excess capacity required is not suitable for office 





TABLE 15—Gas-Firep BorLter SELECTION FACTORS 


Multiply Installed Radiation by Factor to Find Minimum 
Boiler Size 





INSTALLED RapIATION INSTALLED RaDIATION 


(Errner Steam or Factor (Erraer STEAM OR Factor 
Hor Water) Hor Water) 

100 1.56 2200 1.445 
200 | 1.56 2300 1.443 
300 1.56 2400 | 1.439 
400 1.56 2500 | 1,487 
500 1.56 2600 | 1,435 
600 1.552 2700 1.432 
700 1545 | 2800 1.43 
800 1.537 2900 1.427 
900 1.53 3000 1.424 
1000 1.523 3100 1.422 
1100 1.515 | 3200 1.42 
1200 1.508 3300 1.417 
1300 1.501 3400 1.414 
1400 1.494 | 3500 1.412 
1500 1.486 | 3600 1.409 
1600 1.478 3700 1.407 
1700 1.472 | 3800 1.405 
1800 1.464 3900 | 1,402 
1900 1.457 4000 and over 1.40 
2000 1.45 
2100 1.447 





buildings, garages, stores, etc. It is essentially a system for 
private residences. 

“The boiler is selected then by adding the piping and starting 
allowance to the installed radiation, either in terms of sq. ft. or 
Btu. From the manufacturer's catalog select the boiler with 
nearest rating larger than the estimated requirement. 

determined in accordance with the 
test code or the manufacturer’s rating. 


ratings can be 
methods of the A. G. A. 
No definite figures on the rating per burner or per boiler section 
can be given since so many types and designs are available. 


“These 


“In the event that the owner does not wish to install a thermos 
tatically-controlled system, the procedure is somewhat different. 
In place of adding 25 per cent for risers and returns and 25 
per cent for quick start, it will be found that, unless the boiler 
is selected on the basis of a 100 per cent allowance for manual 
control, the operation will not be satisfactory. The 100 per cent 
includes the allowance for risers and returns, no separate addi- 
tion being necessary in this case. With manual control, the 
temperature fluctuations within the building are quite consider- 
able because the reaction of the human body to temperature 
change is not nearly so sensitive as that of a thermostat. A 
greater amount of boiler capacity is therefore necessary to effect 
a quick return to comfortable temperatures.” 


Manufacturers of gas-heating boilers usually rat 
their products in terms of A. G. A. steam or water radia- 
tion (240 or 150 Btu respectively), with instructions 
that the load be computed as described above and a boiler 
selected which has a rating equal to or slightly greater 
than the connected load plus piping tax and warming-up 
allowance. Where gas boilers are used the domestic 
water supply commonly is heated in separate gas water 
heaters, under which circumstances it is not necessary 
to add the water heater load in figuring boiler capacity. 

In selecting a gas boiler by the 4. G. A. rating method 
it should be borne in mind that this procedure gives the 
minimum size boiler which can carry the load, and t! 
output is limited by gas-burning capacity as well as by 
boiler heating surface. In the writer’s opinion it ' 
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better practice to select a somewhat larger boiler and 
then throttle down the gas and air adjustments as re- 
quired to obtain optimum operating conditions. This 
will tend to give a low stack temperature with high 
efficiency, and at the same time provide reserve capacity 
in case the job was under-estimated or more load is 
added in the future. Provision of some capacity beyond 
the absolute minimum recommended for automatic con- 
trol is desirable also to furnish quick pick-up if the 
building temperature is lowered at night as is usually 
the case with gas firing. The writer believes, there- 
fore, that it is advisable with automatic control as well 
as with manual to follow the instructions given in the 
last paragraph quoted from the A. G. A. bulletin and 
add at least 100 per cent to the standing radiation to 
provide properly for piping tax and pick-up. This is 
borne out by the instance given below. 

The dual gas-boiler installation in the Port Huron 
sales office is shown in Fig. 12. When alterations were 
required in the heating system serving the sales office 
and the meter department located in an adjacent build- 
ing it was decided to use gas. The combined load, in- 
cluding. radiation and piping tax, amounted to 2,175 
sq. ft. of 240-Btu radiation. 

Distribution of the load in the two buildings is as 
follows : 

Sq. Ft. of 240-Btu radiation 





Sales Office Meter Dept. 
Standing radiation ..........cccccecs 1,022 737 
EL va5sc aa sen cleweadwobaeweuat 205 211 
SN Kick sail 56600 d pena ease siataae 1,227 948 


It was decided to split up into two separate systems 
and install two gas boilers with full automatic control. 
This gave opportunity to select two makes of boilers and 
observe their relative performance, including different 
types of controls. The vendor selling the meter depart- 
ment boiler was inclined to be liberal in his selection 
and recommended a boiler having 86 sq. ft. of heating 
surface and an A. G. A. rating of 1,500 sq. ft. of 240- 
Btu radiation. Referring to the 737 sq. ft. of standing 
radiation, the A. G. A. rating represented an allowance 
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of 104 per cent for piping tax and pick-up. Referring 
to the total load of 948 sq. ft., there were 11 sq. ft. of 
240-Btu radiation per sq. ft. of boiler heating surface. 
This boiler at once demonstrated its ability to get up 
steam pressure on short notice and has given good satis- 
faction in every respect. 

The. vendor furnishing the sales office boiler was opti- 
mistic as to the steam-generating ability of his boiler 
and the significance of A. G. A. ratings and recom- 
mended an eleven-section boiler listed as having 137.5 
sq. ft. of heating surface and an A. G. A. rating of 1.540 
sq. ft. of 240-Btu radiation. Referring to the 1,022 
sq. ft. of standing radiation the 4. G. A. rating repre- 
sented an allowance of 50 per cent for piping tax and 
pick-up. Referring to the total load of 1,227 sq. ft. 
there were 9 sq. ft. of 240-Btu radiation per sq. ft. of 
boiler heating surface. It will be noted that the relation 
between boiler heating surface and A. G. A. rating 
varies to a marked degree between these two boilers, 
probably due to the different types of extended surface 
and flue gas passages. With special types of boilers of 
this kind it evidently is safer to depend on A. G. A. 
ratings or other performance data than on the amount 
of heating surface. The eleven-section boiler was un- 
able to get up steam pressure during a prolonged test. 
The radiators eventually became warm, but no appre- 
ciable steam pressure was developed. This condition 
was deemed unsatisfactory and the vendor was re- 
auested to enlarge the boiler to seventeen sections with 
212.5 sq. ft. of heating surface and an A.G.A. rating 
of 2,380 sq. ft. Referring again to the 1,022 sq. ft. of 
standing radiation the A. G. A. rating represented an 
allowance of 132 per cent for piping tax and pick-up. 
The enlarged boiler was able to get up steam pressure 
in a short time and has performed satisfactorily. 

The gas consumptions of both boilers were checked 
through for an entire heating season and found to be 
in substantial agreement with the A. G. A. methods of 


estimating gas consumption on a degree-day basis. The 
writer considers the foregoing examples as rather con- 
vincing proof of the desirability of selecting gas boilers 
of liberal size for the connected load. 





Wii 
wll 


Wh 
i yn 


















FUEL saving of 14% 
per cent has been made 

by the Belcrest hotel, De- 
troit, through the installation 
of an air-operated mechan- 
ical soot blower which cleans 
soot and ash automatically 
from the flues of its low-pressure fire-tube heating boiler. 
The equipment consists of a starting switch, motor- 
driven air compressor, air receiver, blower unit and 
operating ratchet; the blower operation is entirely 
automatic. When the starting switch is thrown by 
means of a push button, the blower is cut in and the 
compressor begins operating, pumping air into the 
receiver until the pressure 
reaches 125 Ib. At this point 
the pilot valve 12 is actuated, 
opening the main line valve 9 


Soot Blower Makes 
a 144-% Fuel Saving 


By G. L. Davis’ 


14. The blower operating ratchet moves the blower arn 
through the cleaning range in ares of 10 degrees. 
During this movement the air pressure in the receiver 
drops from 125 Ib. to 75 lb., at which latter figure th« 
blower cuts out. It then requires about three min 
utes for the compressor to again build up pressure 
to 125 lb., during which time the blower is station- 
ary. At 125-lb. pressure, the cycle begins again and 
continues until the full 360-degree travel has been com- 
pleted. 

In addition to the fuel saving made intangible sav- 
ings in labor, ability to carry the load readily and 
ability to maintain uniform heat throughout the 
building have resulted. 





















and admitting air to the blower 
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DIAGRAM SHOWING THE OPER- 
ATION OF THE AIR-OPERATED 
MECHANICAL Soot BLower. 











1, compressor unit (compres 
sor, motor, air cleaner and start- 
ing switch; 2, 
250-lb. air gage; 4, 


air receiver; 3, 
l-in. pop 


valve; 5, 34-in. globe valve; 6, 








exhaust muffler; 7, 44-in. check 
valve; 8, %-in. drain cock; 9, 
2-in. piston-operated valve; 10, 


air screen; J/, diaphragm; 12, 






¥¢-in. whistle valve; 13, unload- 












































Blower Arm Rotates 560 
Clock wise 477 Serves of 70° 
WY 20° Steps 




















ing valve; /4, soot blower. 








Bridgman’s Book on High Pressure 
Reviewed 

The Physics of High Pressure, by P. W. Bridgman, 

professor of physics, Harvard University. The Mac- 

millan Company, 1931. Price $5.00. Reviewed by F. E. 

Wertheim. 

Dr. Bridgman, who has for 25 years investigated 
phenomena associated with high pressure, has written a 
book which will appeal to engineers as well as to 
physicists. 

He has successfully attained the use of pressures as 
high as 40,000 kg. per sq. cm.,* for which he had to 
originate equipment to produce such pressures and 
gages to measure them accurately. It is interesting to 
note that the success of these projects in experimental 
science was based upon “The development of a packing 
technique which made it possible to reach, without leak, 


— . ~- 


* 550,000 Ib. per sq. in. 
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any pressure allowed by the mechanical strength of the 
containing vessels.” The largest tubes used in this 
laboratory apparatus are % in. I.D. and 1% in. O.D.. 
drilled from solid rods of alloy steel and heat treated. 

Piping for engineering or industrial uses is subjected 
to very low pressures in comparison to the foregoing, 
but it must be remembered that much larger sizes are 
dealt with and, unlike the laboratory apparatus, creep 
stresses due to high temperatures may also be a factor. 
Notwithstanding the differing conditions, the book will 
yield information of practical value in piping design. 

Among the principal chapters are: The measurement 
of high pressures, rupture phenomena, p-v-t relations in 
fluids, on compressibility in solids, on melting phe- 
nomena, on electrical resistance of metals and solids, on 
viscosity, and on other effects of high pressure. 

The literature of physical science contains very {cw 
books covering this field of research. Dr. Bridgman’s 
contribution is an outstanding achievement. 




















{ By Dr. C. A. Mills* ] 








INCE new developments in hospital construction 
engineering render it feasible to provide proper 
air conditioning at low cost, it is necessary that 
the medical profession indicate the need for this serv- 
ice and the use to which it may be put. This how- 
ever, is a relatively new field and few physicians have 
given thought to the benefits that might be obtained 
for the hospital patient through proper artificial con- 
trol of his environment. It is the writer’s object in 
this brief article to suggest a few of the ends that 
might be obtained by air conditioning. Experience 
with patients of all types in properly conditioned 
hospitals may indicate much more extensive benefits 
than are suggested by our present meager knowledge. 
Deserving of first mention is its use for both pre- 
mature and full term infants of delicate constitution. 
The rigors of life, with extremes in both directions, 
should be kept away from these frail individuals with 
all possible care. Even infants of normal health 
should have a well regulated environment. 


Next come the children suffering from summer 
diarrhea. Here relief from the heat, which seems to 
be a major factor in causing the disturbance, is of 
the utmost therapeutic importance. It has been 
shown statistically that there exists a close correla- 
tion between summer diarrhea and the heat waves of 
summer. 

It would be of like importance to relieve heat stroke 
and heart failure cases from the depressive effects of 
hot summer weather. For these individuals the di- 
rect application of cold to the body, as with cold 
packs, is not nearly so much to be desired as that 
they have cold air to breathe. They should be pro- 
vided with a room in which frequent and fairly wide 
fluctuations of temperature could be secured at will. 

urgeons avoid as many serious operations during 
th summer heat waves as they can because expe- 
‘icice has shown that post-operative risks are unduly 


~ 
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Air Conditioning Needs 
of Hospitals Specified 


high. Relief from the summer heat is, therefore, not 
just a matter of comfort for the ill patient, but often 
becomes a matter of vital importance. The write: 
believes every surgical ward should be equipped to 
avoid temperature extremes and to provide a 10-12 F 
day and night variation. The temperature variability 
should be kept low for the first two or three days 
after operation, but should then be rapidly increased 
to provide maximum stimulation and shorten con- 
valescence. This would hold as well for medical, ob- 
stetrical and other types of patients as for those in 
the surgical wards. 

Air conditioning also should include the furnishing 
of certain rooms in each hospital with a high, even 
temperature and high humidity for the treatment of 
those conditions of over-stimulation, such as exoph- 
thalmic goiter or hyperthyroidism; severe cases of 
diabetes and pernicious anemia, essential hyper- 
tension, and many hyper-irritable or excitable ner- 
vous states. There has been practically no use made 
of climatic treatment in these different conditions but 
the betterment which they usually experience in the 
hot summer weather and during sojourns to regions 
of even high temperature warrants its use in hos 
pitals in the more acute or severe cases. A week or 
two at a temperature of 85 F and a relative humidity 
of 70 per cent produces quite a noticeable reduction 
in the rate of body metabolism. 

In general we have found experimentally that the 
body is best stimulated by fairly wide daily fluctua- 
tions of the temperature, and is most depressed by a 
constantly high temperature and high humidity. 
Since most of the patients’ time in the hospital is 
spent recuperating, we should be able to provide the 
optimal environment for hastening this recovery. Either 
stimulation or depression should be applied as necessary. 

Briefly listed, a few of the hospital’s needs for air 
conditioning are: 

1. For infants, especially the premature and delicate. 

2. For children with summer diarrhea and other debili- 

tating conditions. 

3. For patients suffering from heat stroke or exhaus- 

tion, heart failure, etc. 

4. For surgical patients to obviate the deleterious effects 

of summer heat. 


vw" 


For bronchitis and asthma—a dust-free, dry air. 
6. Humid warmth for such over-stimulative diseases as 
acute or 


Also 


hyperthyroidism, essential hypertension, 
severe cases of diabetes and pernicious anemia. 


for excitable nervous states. 











Calculations for Drying 









In this article, the author shows how the amount of 
heat required for drying a product is calculated. 
Two typical examples are worked out to indicate 

» » the manner in which such computations may be made. » 

To meet the need for solving high-temperature drying 

problems easily, Mr. Tomlinson has prepared four 

charts which are published here as Figs. 4 to 7. 














By Malcolm Tomlinson* 
































number of degrees can be obtained by multiplying weight 
times specific heat times temperature difference. 


INCE factors such as fuel 

needs, boiler capacities and 

pipe sizes must, at least, be 
approximated as soon as_ possible 
in the roughest drying calculations 
it is necessary to determine heat 
losses and gains. The temperature 
of the air used, whether the system 
contemplated is to have gravity or mechanical air 
circulation, must be raised by the application of heat 
from some external source. If this air entering the 


Calculations for Drying a Typical Product 
Drying 3,000 repeating coils presents a_ special 
problem, as a very low moisture content must be 
secured to obtain required electrical characteristics. 
These particular coils consist of 1-lb. iron cores wound 





TABLE 1—MEAN Speciric HEATS oF SEVERAL MATERIALS 


dryer is humid more heat will be required than for meena waded a ae 
dry air since more water vapor must be warmed. Stee | p 
Heat also must be applied to raise the temperature iia, 0.299 68 to 212 
of the substance or product to be dried and also the Cen 0 241 39 
dryer itself. Few dryers and dryer rooms are per- Copper... 0.092 62 
fectly insulated and a percentage of the heat supplied Iron (pure) ceeded 0.116 32 
will be wasted. Another source of heat loss will be 0.109 59 
through cracks around doors and windows. This Lead(cast) 0.023 59 
heating loss may be reduced by the heat supplied 1 pans nahn 
by employes, motors, lighting equipment and other ~— . omer 
‘ ee et Oy , Brick 0.22 32 to 212 
heat-producing sources. When these losses and gains Silicon 0 183 135 
are finally balanced for summer and winter weather Sodium 0 29 
conditions totals are obtained which represent the Steel (mild) 0.165 
minimum and maximum demands, respectively, on Lead Oxide 0.055 32 to 212 
the heat-producing plant. Magnesia 0.22 32 to 212 
Mica...... 0.206 68 to 208 
Specific Heat of the Material : Rubber (India) 0.27 to 0.48 32 to 212 
Every substance may be heated one degree by a a 
definite amount of heat per pound of the material. ore 0.648 104 
This factor is known as the specific heat. Values for Alcohol—methy! 0.59 41 to 50 
the mean specific heat of many gases, liquids and solids Sodium chloride (salt) 0.776 to 1.003 | 15 to 140 
will be found in the 4. S. H. V. E. Guide. Additional Calcium chloride 0.65 to 0.79 104 
values have been compiled and are given in Table 1. If Copper sulphate 0.848 5314 to 59 
the weight of the product, or of any substance in the Ether—ethyl 0.529 - 
product, is known, the exact amount of heat needed ee — ; a 
aI¢ . podium hyarate 346 272 
to raise the temperature of the product the required Zine sulphate 0 842 68 to 125% 


* Consulting engineer, West Chester, Pa —— a ee —_—— 
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with 1 Ib. of copper and insulated with %-lb. of cotton From cotton regain data the moisture content for 
impregnated with 1/6-lb. of oil. Assume the entering the entering air condition is 5% per cent. The dif- 
air is at 50 per cent relative humidity and 70 F. A_ ference in per cent multiplied by the weight of the 
moisture content for the cotton of the dried coil is de- cotton per coil and the number of coils gives 20.4 lb. 
sired of not more than 0.05 per cent of the bone-dry of moisture to be removed. The same data show 


weight. 
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that the maximum drying temperature for atmo- 
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spheric pressure, which is 180 F, will provide 
the low moisture content at a relative humidity of 
Y% per cent. Equivalent conditions can be secured 
by a 300-F temperature in a vacuum of 1-in. ab- 
solute. 

With the low humidity psychrometric charts, the 
moisture contents of the entering and dried air are 
found as 0.0079 and 0.0014, respectively and the wet 
bulb is 82 F. Also, total heat in the entering air is 
25.2 and in the leaving air, 45.2. The difference be- 
tween the two moisture contents, or 0.0065, divided 
into the total weight of 20.4 gives 3,138 Ib. of dry 
air which must be circulated; the difference in total 
heat, or 20 Btu per Ib. of dry air, multiplied by the 
total weight of air, gives a total heat requirement of 
62,760 Btu. This heat is for air alone. Heat for the 
coils can be calculated from the specific heats of 
the materials used and will be found to be 69,750 
Btu. Neglecting other heat losses or gains the total 


heat which must be provided is 132,510 Btu. 


Muld Heat (Braet t per lb. Bone bry Air 









































The solution offered is for a simple type of dryer 
and is based on drying almost to the wet bulb tem- 
perature. In more complex types of dryers, counter 
air currents can be employed to reduce the time of 
drying. Here the temperatures and also the relative 
humidities of the entering and emergent air will 
gradually approach identical values. 

A unique method of drying these coils by atmos- 
pheric pressure would be to remove the moisture 
from the entering and emergent air to a very low 
level by means of adsorption. 


Product Must Be Sealed Against Moisture Regain 


In all drying problems where the moisture content 
is reduced to very minute quantities and high tem- 
peratures are employed it is essential to seal the 
product against moisture regain before it is removed 
to the ordinary shop atmosphere. Some form of 
room must be provided outside of the dryer or the 
drying room where the air is held at a predetermined 





















































0.24 O2f 020 O27 0286 029 030 O35 ‘ 
22 1100 | r —y1—- T T T T 5 
| | P | i" 
} | \ 
ai 090 . + + 4 js 4 go 6 — 
| es | 
5, 
20 10h — = { 4 = . > ae aft 4 . t 0.13 
| Ne Fy, 4 | Basis«Mormal Barometric Pressure 
e. | : | | 
9 1% — e+ }+—_—_—_}_—_ EE € fe ) + + | | 0.12 
gy | | | 
| \ 
$ Te) } = = + ~$— EEE 
» N | | 
§ . cigis! £ | o4 
‘ | 
s 47 / Vv. — a Te Al 6 40 
~ 
e 3 em : 
« 
S 4 N + + _ — 0.09 3s 
= | Me 
8 S | < a= 
ae 4 0088) 
¥ g 
se 
~™ 
AS b 73997 . 
x 
3 
‘3 — — 006 & 
tof |. 400 = 
Virchag air este ~Y .* 
A i cance 
9o« 
+ ——}_|_1 —=sslag¢ 
=a o 
aE &. — S008 
| \ Tse 
970 nn © oe o m002 
FS J 
jx S S21 
900} + -_— = —— -+— > Of 
950 . — Ges | ' 000 
90 10 70 60 0 y 10 120 136 90 4$0 00 190 0 80 200 20 220 230 
Temperature, F 
Fic. 3--Grosvenor Psycurometrric CHart, BAsep oN “PER Cent Humipity” RATHER THAN “PER 
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*The Units Used Are Defined as Follows: 
Humidity—Pounds of water vapor carried by one pound of 

dry air. (The absolute humidity.) 

Per Cent Humidity—Pounds of water vapor carried by one 
pound of dry air at a definite temperature divided by the 
pounds of vapor which one pound of completely saturated 
dry air will carry at the same temperature. 

Humid Heat 
perature of one pound of dry air, plus such water vapor as 


Quantity of heat necessary to raise the tem- 
it contains, one degree Fahrenheit. 


Humid Volume 


water vapor it contains, in cubic feet. 


Volume of one pound of dry air, with the 


Humid volume at saturation. 


Saturated Volume 





As per cent relative humidity is defined as the ratio of the 
vapor pressure of the unsaturated mixture to the vapor pressure 
of the saturated mixture at the same temperature it is evident 
that the two relationships do not correspond. 


The Grosvenor chart is based on “per cent humidity,” while 
the charts in Figs. 1 and 2 are based on per cent relative humid- 
ity. To convert per cent relative humidity into per cent humidity 
multiply by the following factor : 

760-ps 


760-p 
in which p, and p are the vapor pressures, respectively, of the s 
urated air and the air which is unsaturated at the same temper 
millimeters. 


ture. These pressures are in 
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point of dryness but where the air temperatures are 
such that human beings can work in comfort. 


Harmful Effect of Temperature Depends on Time 


In drying vegetables there are many examples of 
the use of temperatures close to or above 212 F. 
Where time is a vital consideration and sufficient 
moisture can be removed quickly this plan has much 
to commend it for consideration. The harmful effect 
of temperature on the coloring or the physical struc- 
ture of materials is a function of time. For example, 
a paper which will not be affected by 300 F at 1 lb. 
absolute for 12 hours would be partially carbonized 
if held under the same conditions 24 hours. In some 
paper mills temperatures around 400 F are used for 
rapidly drying moving sheets. 


Drying Beets in Three Stages 


Sugar beets might be selected as an example of 
high-temperature drying under so called atmos- 
pheric pressures. Here the moisture must be re- 
moved by decreasing a content of 76 per cent to 6 
per cent, without loss or deterioration of the sugar 
content. Assume a conveyor-type of dryer to be 
used, which consists of three successive and separate 
Stages. 

in the first stage 65 per cent of moisture is re- 
moved at 250 F, in the second 25 per cent is removed 
at 230 F and in the third 10 per cent of the moisture 
is removed at 190 F. The drying cycle must not ex- 
cee‘! one hour, the beets must travel in a direction 
Opposite to the air and the humid air must leave the 
drycr at a temperature range of not more than 110 
to 120 F in practically a saturated condition to ob- 
tain a high dryer efficiency. The weight of the 








Mrxtures AT HicgH TEMPERATURES 
this 
represents the moisture to be re- 


Entering air is at 70 F and 40 per 


fresh beets to be dried per hour is 7,500 Ib.; of 
weight 5,250 Ib. 
moved per hour. 
cent relative humidity. 

First stage: In the first stage 3,412 lb. of moisture 
must be removed at 250 F. If we use the Grosvenor 
psychrometric chart (Fig. 3) for the solution of this 
problem we can easily estimate from it that the 
heat to evaporate 1 lb. of water at 250 F is 939 Btu. 
To raise the temperature of the water to 250 F from 
70 F requires 180 Btu. Thus a total of 1,119 Btu 
per lb. of water evaporated must be used or a total 
of 1,119 x 3,412'4 or 3,818,600 Btu to actually warm 
the air before it enters the first stage. The humidity 
of the entering air is 0.006 lb. per Ib. dry air and the 
humid heat of this air is 0.241 Btu. Therefore, the 
heat to raise 1 lb. of dry air through 180 F is 180 x 
0.241 or 43.38 Btu. If we divide this quantity into 
the total heat we obtain 85,721.5 lb. of dry air. Again 
if the total moisture to be removed is divided by the 
lb. of dry air moved it is found that 0.04 lb. of mois- 
ture is removed from the beets per Ib. of dry air. 
Adding to this the moisture in the entering air, or 
the humidity of entering air, it is found that the 
humidity of the air as it leaves the first stage of the 
dryer is 0.046 Ib. per Ib. of dry air. 

Second Stage: Before the air from the first stage 
enters the second stage a portion is discarded. The 
temperature of the second stage is 230 F, the amount 
of moisture to be removed from the beets is 1,312% 
lb. and the humidity of the entering air is 0.046 Ib. 
By calculation the humid heat of this air is 0.238 
plus 0.48 x 0.046 or 0.260. From the chart the heat 
to evaporate | lb. of water at 230 F is 953 Btu. If we 
multiply this latter quantity by the weight of mois- 
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ture to be removed it is evident that the heat used 
for evaporation is 1,250,800 Btu. As the temperature 
drops from 230 to 190 the heat expended on vapor- 
ization is equal to 40 x 0.26 or 104 Btu per Ib. of 
dry air. When the total heat is divided by this 
amount it is learned that 12,027 lb. of dry air are 
moved in the second stage. Dividing the total mois- 
ture to be removed by this quantity gives a humidity 
of 0.109 for the air entering the third stage. 

Third Stage: In the third stage the humid heat is 
read from the chart as 0.289 Btu and the heat to 
evaporate 1 lb. of water is 981% Btu. Multiplying 
the latter amount by the weight of moisture to be 
removed, or 525 lb., we obtain 514,690 Btu provided 
for evaporation of moisture. Assuming that the tem- 
perature drop is 70 F in this last stage the heat for 
vaporization of 1 lb. of dry air is 70 x 0.289 or 20.23 
Btu. Dividing the total heat by this amount gives 
25,442 Ib. of dry air. As it is desired to avoid adding 
additional heat in either of the last two stages it will 
be necessary that some of the air from the first stage 
be by-passed to the third stage. 


Charts for High-Temperature Drying 


The problem of high-temperature drying is not so 
easily solved by psychrometric charts. The reason is that, 
for temperatures above 212 F, the partial pressures for 
the water vapor alone will exceed 29.92 in. of mercury 
which is the total air pressure used in the design of such 
charts. To meet this need four charts, Figs. 4 to 7, have 
been prepared. Fig. 4 gives the moisture in air-water 
vapor mixtures where temperatures are high and the 
partial pressures of the air alone range from ¥% to 5 |b. 
Fig. 5 gives the volumes for saturated mixtures under 


similar conditions. Fig. 6 is identical with Fig. 5 
except that the mixtures are absolutely dry. Fig. 7 


gives the heat content of bone-dry air; with it and 
a steam table, which will furnish the heat content 
of the vapor when saturated, the total heat per Ib. 
of dry air can be calculated. 

The weight of moisture in air-water vapor mix 
tures at high temperatures can be calculated through 
the following thermodynamic relation: 

Vm Pe=Wea Ro Tm 

where Vm is the volume of the mixture 
P. is the water vapor pressure 
Ww is the weight of water vapor 
Rw is the gas constant for water vapor 
Tm is the absolute temperature of the mixture 





One of the biggest problems that we are facing is the 
smoke nuisance. Smoke is injurious to health. It is ex- 
pensive in that it means fuel waste, high laundry bills, 
defacement of expensive buildings and lessened working 
capacity. Experts declare that throughout the United 
States smoke costs each inhabitant $16 annually. 

The remedy for the industrial smoke problem is to 
provide such engineering oversight of new installations 
as to insure a non-smoking plant to begin with. It may 
mean changes in building plans, a larger investment, 2 
greater responsibility of management, a more intelligent 
operation, but these things are the price of clean air. 
E. R. Weidlein, Journal of the Western Society of / 
gineers. 
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Performance of Convector Heaters 


By A. P. Kratz: (VEMBER) and M. K. Fahnestock: (NON-MEMBER) 
Urbana, Ill. 


This paper is the result of research conducted at the University of Illinois in coopera- 


tion with the A. S. H. V. 
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The data presented in this paper were obtained in 
connection with an investigation conducted by the 
Engineering Experiment Station of the University 
of Illinois, of which Dean M. S. Ketchum is the Di- 
rector. This work is carried on in the Department of 
Mechanical Engineering under the general supervision 
of A. C. Willard, Professor of Heating and Ven- 
tilation and head of the Department. Acknowledg- 
ment is due E. L. Broderick, Research Assistant in 
Mechanical Engineering, for valuable assistance in the 
collection and preparation of the data. 


HE object of this part of the investigation was 
to make a comparison of the performance of four 
types of cabinet convector heaters with the per- 
formance of an unenclosed direct cast-iron radiator of 
approximately the same height when a temperature of 
68 F was maintained at a level 30 in. from the floor 
in all cases. A further object was to compare the per- 
formance of the convector heaters with that of a tubular 
cast-iron radiator enclosed in a cabinet conforming to 
the space requirements of the convector heaters, and 
operated under the same conditions. 
‘Research Professor in Mechanical Engineering, University of Lllinois. 
pecial Research Assistant Professor in Mechanical Engineering, Uni- 


vers'ty of Illinois 

_*'niversity of Illinois Engineering Experiment Station Bulletins Nos. 
192 snd 223. Also Transactions of the AMERICAN Society OF HEATING 
AND VENTILATING ENGINEERS, Vol. 35, 1929, pages 79-89. 
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TEMPERATURE TESTING PLANT 


Description of Apparatus 


All tests were conducted in the low temperature test- 
ing plant which has been completely described in pre- 
vious publications.* In brief, this plant, as shown in 
Figs. 1 and 2, consists of two rooms erected within a 
larger room having 6-in. cork walls, floor and ceiling. 
The latter room is equipped with direct expansion re- 
frigerating coils, and each of the two test rooms pre- 
sents two walls of standard frame construction exposed 
to any desired temperature maintained in the cold room. 
One wall of each test room contains a pair of double 
hung windows and the other wall a standard door with 
a glass panel. In addition, arrangements are made so 
that the floors and ceilings of the test rooms may be 
exposed to any desired temperatures. Air movement 
over the walls is obtained by means of fans. 

The plant is thoroughly equipped with thermocouples 
and temperature recorders in order to permit observa- 
tions being made without the necessity for entering the 
rooms and thus disturbing conditions at any time during 
the period of a test. The radiators are connected with 
a single pipe for steam and return condensation, and the 
condensation is weighed as shown in Fig. 2. A steam 
separator is installed in the line to each radiator, and an 
electrical superheater further insures the use of dry 
steam. Provision is also made for venting the radiators 
to prevent the accumulation of air. 
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} = " Z ZI The temperatures at the various levels within the test 
Tinned ee eet ee oe i rooms are observed by means of thermocouples made 
a ne ’ “7 from No. 22 B and § gage copper and constantan wir 
4 tant -"~eed dd Attic and supported on a standard in the center of the room 
| $3 aw as shown in Fig. 2. A study of temperature conditions 
| i : § : : = 7m _ within the test rooms proved that the center reading at 
. ¢ atm Ge =a - 4 a given level is representative of the average tempera 
* curtain \ Comer | ture at that level. 
. Or far = . . : 
| ® ‘ ) Shace f | Plaster + Four representative convector heaters of the cabinet 
3 S & Thermocouples, | \ | type were used, The dimensions of the cabinets ar 
a =i " 1 4 Seer ng. shown in Fig. 3, and further details of the heating 
& 7 N yy 787 Avow 4 hy elements are shown in the insets in Figs. 4 to 7. Con 
¢ iia & i : = oe vector heater No. 1 contained a cast-iron heating element 
Batlle — ‘ i Minctieter- : ei . with cast-iron fins. Heaters Nos. - and 6 contained non 
ame ay + | ferrous heating elements with thin metal fins. Heate: 
pin WWil| 7Aermamerer| “o No. 7 contained a non-ferrous heating element with thin 
iy P SOS“ wh_{ 43” metal fins, combined with a cast-iron front, the latter 
8 : a partly filled with steam and serving as direct pane! 
TT FY" basemerr? 4 radiation. 
¢ Llectric Heaters In addition, tests were run on a 13-section, 26-in., 
SSSA ae ah 3-tube cast-iron direct steam radiator enclosed in a 
Sette git fol Rott tg es tested © cabinet similar in design and space requirements to 
eLlectric Stam SyucePearer we those used in connection with the convector heaters. 
Aeaw bine Can & Twin Gyplinaer Three types of cabinets were used with this radiator, 
‘tine Seales pn as shown in Fig. 3, and in the inset in Fig. 8. They 
hemeee : p nm 2a tare consisted of (1) Enclosure No. 24, a cabinet with open 
(anemerer: “— ye inlet and outlet, (2) Enclosure No. 24d, with an open 
inet es ae inlet and grilled outlet, and (3) Enclosure No. 24e, with 
pe a fully grilled front extending to within 4% in. of the 
Column - 4 floor. An 8-section, 26-in., 5-tube unenclosed direct 
Meow cast-iron radiator was also tested, and was used as a 
standard for comparison in all cases. 
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* Ses temperature of the air above the ceil- 
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Q ss surface. No test observations were 
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Convector) Type of fear. Leeman £7 £ = Z . ne aa Baa eggs nga 
Heater No.\ ing Ejernerit | A W H Z Z oO 2 er ad 0 I ag sh: at 
(| east tron _| 24 | 58 | 26 | 3e'[ 4 | F [ab | ee itors was made. When the re 
« rs . ae « . os 
é Mor?-ferrous £2 Z 508 iw 6 6 ¢ quired thermal constancy had been at- 
© Non-ferrous Zé | 52 | 28 | 30 7 ¢ F Z tained, the condensate was weighed 
7 Bimetaliie 24 | 6% | 268| 225'| 48 | 38 | 20 ever a period of one hour, and no test 
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*/-Section Wrapped subtracting the amount so determine 
Fig. 3—Dimensions or Convector HEATERS AND ENcLosep CAst-IRoN RApIATOR The output of the heating unit w°s 
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tions of the cast-iron radiators or by blocking off part 
of the cabinets and heating elements of the 
heaters, so that each unit maintained a temperature of 
68 F at a level 30 in. above the floor under the standard 
conditions of exposure previously outlined. 


Results of Tests 


The results of the tests on the convector heaters are 
shown in Figs. 4 to 7 inclusive. The full line curve in 
every case represents the performance of the unenclosed 
&-section, 26-in., 5-tube cast-iron radiator with 11/3 
sections wrapped, which was used as the standard for 
In 6, and 7 the temperature 
gradient curves for convector heaters Nos. 6, 7, and 1 
respectively without any blocking are shown. These 
heaters were chosen from the estimated heating 
quirements and the stock sizes furnished by the manu- 
facturers. In each case the nearest stock size slightly 
over-heated the room, and it was necessary to block off 
pert of the cabinet and heating element in order to 
ain a temperature of 68 F at the 30-inch level in the 
The fact that the temperature gradient 


comparison. Figs. 5, 


rc 


room. 


convector 


curves for the blocked heaters were practically parallel 
to those the that the 
small amount of blocking necessary had no influence on 
the characteristic the heating 
effect was concerned. therefore, 
been based on the steam condensation and temperature 
gradient curves for the blocked heaters. 

it may that 
convector 6, and 7 showed practically 
the The 
case gave somewhat lower temperatures than the unen- 
closed cast-iron radiator in the zone from the floor to the 
30-in. level, higher temperatures in the zone between 
the 30-in. level and the 7-ft level, and either the 
or slightly higher temperatures in the zone above the 7-ft 


for unblocked heaters is evidence 


performance insofar as 


The comparisons have, 


4 to 6 inclusive, be noted 
heaters Nos. 2 


same characteristics. 


From Figs. 


convector heater in each 


same 


level. 

6, and 7 maintained a tem- 
perature of 68 F at the 30-in. level with reductions in 
steam condensation of 4.0, 2.5, and 1.5 per cent re- 
spectively, as compared with the steam condensation of 
the unenclosed cast-iron radiator the 
tions. 


Convector heaters Nos. 


under same condi- 
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Convector heater No. 1 exhibited the same general 
characteristics as the others except that the zone of 
higher temperature extended only as high as the 4.5-ft 
level and that the temperatures in the zone above this 
level were lower than those given by the unenclosed 
cast-iron radiator. Hence, while the resulting comfort 
conditions were not essentially different from those pro- 
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iron radiator enclosed in three types of cabinets are 
shown in Fig. 8. These three cabinets differed only in 
the character of the air inlets and outlets, and the over- 
all dimensions corresponded approximately to those for 
the cabinets of the convector heaters. It may be noted 
from Fig. 8 that the performance of the enclosed radia- 
tor is compared directly with the performance of the 





















same unenclosed 26-in., 5-tube, cast-iron radiator used 
in comparison with the convector heaters, and that the 
enclosed cast-iron radiator exhibited practically the same 
characteristics as the convector heaters. While 
slight adjustments in the size of the radiator with the 
different types of air inlets and outlets were required 


duced by the other convector heaters, a slight gain in 
economy was effected by the reduction in the tempera- 
tures above the 4.5-ft level. In this case, the reduction 
in steam condensation was 7.1 per cent as compared 
with that for the unenclosed cast-iron radiator. 

The performance curves for the 26-in., 3-tube, cast- 
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the temperature gradient curves and steam condensa- 
tions were all practically the same when 68 F was main- 
tained at the 30-in. level. The steam condensation, as 
compared with that for the unenclosed radiator, was re- 
duced 5.5, 3.8, and 3.0 per cent by Enclosures Nos. 24, 
24d, and 24e, respectively. While Enclosure No. 24, 
with the open inlet and outlet, gave slightly less steam 
condensation than those with grilled outlets, it also 
produced somewhat lower temperatures at the floor. On 
the whole, the performance of the enclosed cast-iron 
radiator was not essentially different from that of the 
convector heaters. 
Conclusions 


From the results of these tests, the following conclu- 


sions may be drawn: 


1. The four types of convector heaters, having cabinets of 


approximately the same height, did not differ essentially in per- 
formance characteristics. 

2. The convector heaters produced temperatures slightly lower 
in the zone from the floor to the’ 30-in. 
from the 30-in. level to the 7-ft level, and either the 
slightly lower in the 7-ft 
tained with the unenclosed 26-in., 5-tube cast-iron radiator. 

3. The convector heaters maintained a temperature of 
at the 30-in. with ranging 
to 7.1 per cent less than the steam condensation required by the 


level, higher in the zone 


same or 
zone above the level, than those ob- 
68 F 


level steam condensations from 1.5 
5-tube cast-iron radiator. 
3-tube, 


and conforming approximately 


unenclosed 26-in., 
4. A 26-in., 
of similar type 


cast-iron radiator enclosed in a cabinet 


with the space 


requirements of the cabinets used with the convector heaters, 


exhibited the same performance characteristics as the convector 


heaters. 





Leakage of Gases Into Cellar in Operation 
of Domestic Heating Furnaces 


In the operation of all domestic heating furnaces, it 
is very necessary to adjust the dampers so that gases 
from the burning fuel are not forced into the cellar or, 
in warm-air furnaces, into the air ducts, and thus to the 
rooms of the house, cautions the United States Bureau 
of Mines. These gases are objectionable not only be- 
cause of smoke and dirt, and because the sulphur in them 
tarnishes silver-ware, but also because they may con- 
tain carbon monoxide; the presence of carbon monoxide 
is more probable when there is pressure in the furnace, 
because under such conditions, no air to burn the com- 
bi —— gases arising from the fuel bed is drawn into 

» furnace through the slots in the firing door. As long 
as a draft is maintained in the combustion space over 
the fuel, all the gases will pass to the stack, but if the 


pressure in that space is greater than that of the cellar, 
some of the gases will be forced into the cellar or, if 
there are leaks from the fire-pot to the air ducts, into the 
ar system 





If there is a pressure in the furnace it is indicated by 
smoke or fumes coming out of the firing door or one of 
the upper clean-out doors or, if the heater is not in 
good repair, through the cracks. There are two methods 
by which the emission of fumes can be stopped. The 
more common method is to increase the draft by ad- 
justing one of the stack dampers, but the same end can 
be accomplished by restricting the flow of air into the 
ash pit by partly closing its damper. If the first method 
is used it will result in a somewhat increased rate of 
burning. A pressure, instead of a draft in the furnace, 
is more likely to occur when the fuel bed does not offer 
much resistance to the passage of the air from the ash 
pit. This resistance depends on the size of the fuel 
and is greater as the fuel is smaller, or as a coal cakes 
and cokes and closes up the openings. For free-burning 
coals and for cokes one depends on the resistance of 
the layer of ash at the bottom of the bed to make up 
for the lack of resistance of the fuel itself. When burn- 
ing coke, it is very desirable to maintain a layer of ashes 
as the detection of the emission of gases is more difficult 
since there is no smoke which can act as an indicator. 
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Heat Transmission as Influenced by 
Heat Capacity and Solar Radiation 


By F. GC. Houghten! (WEMBER), J. L. Blackshaw? (VEMBER), E. M. Pugh* (WON-MEMBER) 
and Paul McDermott: (VON-MEMBER), Pittsburgh, Pa. 


HI fact that solar radiation is an important fac- 

tor in the mechanism of heat flow into and out of 

buildings has long been recognized by heating and 
ventilating engineers. It is usual, however, in practical 
heat transmission problems to neglect the sun effect 
entirely, to employ coefficients determined under steady 
state conditions, and to consider the average inside and 
outside temperatures constant throughout the day. With 
this practice, factors are used to take care of wind, sun 
effect or its absence, or other unusual conditions in order 
to insure the selection of a heating plant sufficiently 
large to handle the load on the coldest day, or an air- 
conditioning system of sufficient capacity for the 
warmest weather. 

Research, carried on by the Research Laboratory of 
the AMERICAN Society OF HEATING AND VENTILATING 
I;NGINEERS at the Pittsburgh Station of the United 
States Bureau of Mines, has shown that a large error ® 
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may be introduced into the calculations by failure to 
consider the periodic character of heat flow resulting 
from the the sun and the heat 
capacity of the structure, which determine the timing 
and magnitude of the heat wave flowing through the 
walls into a building on a hot, sunny day. 


diurnal movement of 


Scope of the Present Work 


This the characteristics of heat flow 
through eight roof panels which were studied at the 
Laboratory during the summer months of 1930 and 
1931. It gives the cyclic heat flow through the inner 
surfaces of these panels, the maximum and minimum 
rates of penetration during twenty-four hour periods, 
the timing and intensity of the temperature waves at the 
outer and inner surfaces, and the rate of heat flow into 
an air-conditioned space, as these are determined by th 
thickness, conductivity and heat capacity of the differ 
ent panels studied. 

\ theoretical mathematical analysis of the cyclic flow 
of heat under the foregoing conditions results in the 
formulae which give the rate of heat 


paper reports 


presentation of 
flow into an air-conditioned space for any hour of th: 
day as a function of a Fourier series analysis of th 
outside surface temperature, the air-conditioned ten 
perature, and the thickness and the physical properti 
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of the structure. An empirical method of determining 
certain constants in these theoretical formulae is de- 
veloped. This simplified method gives the heat flow into 
an air-conditioned space with a fair degree of accuracy, 
in terms of the maximum and minimum outside surface 
temperatures for the day, the inside air-conditioned 
temperature, and the thickness and physical properties 
of the structure. 

The paper also includes data on the conductivities, 
densities and specific heats of the materials contained 
in the different roof panels, and the methods developed 
for obtaining them. A _ recording pyrheliometer, de- 
veloped at the A. S. H. V. E. Laboratory for measuring 
solar radiation, is described, and data are presented for 
the first days of July, August and September, on the 
intensity of solar radiation in Pittsburgh, and of the 
resulting intensity of solar radiation impingement upon 
a horizontal surface, and upon east, south and west walls. 


Factors Affecting Periodic Heat Flow 


The flow of heat into an air-conditioned space through 
a roof or wall on a hot summer day, because of the 
higher outside air temperature and the solar radiation on 
the outer surface, is very complex. It may be illustrated 


Fic. 1— Factors 

AFFECTING HEAT 

FLow THROUGH A 
Roor 





Y 








in Fig. 1, where XY is the roof or wall structure. The 
impingement of solar radiation against the outside sur- 
face is represented by A. If it were not for the earth’s 
atmosphere with its clouds, haze and dust, the intensity 
of the solar radiation in Btu per square foot per hour 
perpendicular to the direction of the sun’s rays would 
be practically constant, showing only a small seasonal 
variation caused by the change in the sun’s distance 
from the earth. The intensity of solar radiation is de- 
creased by absorption by the earth’s atmosphere, espe- 
cially in the morning and evening, when the sun must 
shine through a much greater thickness of the atmo- 
sphere in reaching the earth’s surface. The Weather 
Bureau has reported 338 Btu per hour per square foot 
normal to the direction of the sun’s rays for a clear 
day at Washington. The Laboratory has actually meas- 
ured 311 Btu at noon of a clear day in Pittsburgh. 
The intensity of impingement on the surface, X, not 
normal to the sun’s rays, decreases with the angle of 
incidence, J, which is a function of time; a part of the 
energy, B, is not absorbed, but is reflected away. The 
magnitude of B is a function of the character of the 
surface, XY, and of the angle of reflection, Rk, which 
varies with the time of day. The remaining energy, C, 


is :bsorbed as heat by the surface, X, raises its tempera- 
ture enough to cause the radiation, D, back through the 
air. and the convection loss, E, by direct contact with 
the air. 


Also, as the temperature of the surface, X, 
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is raised by the absorption of radiant energy, heat flows 
in the direction, F. As the temperature of the surface, 
X, rises to a maximum at noon and then recedes, a wave 
of heat advances towards F. Because heat is required 
to raise the temperature of each increment of the dis- 
tance, X to Y, the rate of heat flow past any point be- 
tween X and Y diminishes as the wave penetrates 
through the structure, and when the wave reaches the 
surface, Y, it has a much lowered amplitude, dependent 
upon the conductivity, density, specific heat and thick- 
ness of the material in the wall, the film resistance of its 
lower surface, and the temperature of the air below. 
The crest of the wave reaching the surface, Y, will be 
delayed a certain time after the crest at the surface, Y. 
Conductivity, density and specific heat are factors 
which combine to damp out the wave amplitude. In a 
theoretical consideration of heat transfer they are com 
bined into a single constant (/), called the diffusivity : 


k 
h= eae (1) 
cp 

where 

h = diffusivity 

k = conductivity 

c¢ = specific heat 

p — density 
This combined constant takes into account the resistance 
to heat flow and the heat capacity of the structure. 

The heat reaching the lower surface tends to build up 
its temperature, and a small amount of heat, G, returns 
in a reflected wave upward towards X. The magnitude 
of this reflected wave also depends upon the physical 
properties of the structure. Only 7, the heat entering 
the air-conditioned space below, is of interest to the air- 
conditioning engineer. 

An ideal solution of the problem of heat flow as af- 
fected by solar radiation would give the value of 7 for 
all hours of the day as a function of the intensity 
of solar radiation perpendicular to the direction of the 
sun’s rays, of the atmospheric conditions, and of the 
physical characteristics of the structure. Such a solution 
involves the following factors: the intensity of solar 
radiation, A, perpendicular to the direction of the rays; 
the angle of incidence, 7, of impingement against the 
surface; the reflected energy, B, depending upon the 
angle of reflection, R; the radiated heat, D, depending 
upon the convection from the surface, X ; the difference 
in temperature of the surface, X, and the outside air; 
the temperature difference between the surfaces, X and 
Y ; the conductivity, the density, specific heat and thick- 
ness of structure; the film resistance for the surfaces, 
X and Y; and the controlled temperature of the air be- 
low. This makes thirteen factors upon which 7 de- 
pends, the first five of which are harmonic functions of 
time. 

The problem of determining the value of H may be 
conveniently divided into two distinct parts, each of 
which is complicated : first, a determination of the vary- 
ing temperatures of the surface, X, depending upon the 
values of A, B, C, D, E, and G, and the physical prop 
erties of the structure; and, second, a determination of 
the value of // at all times during the daily cycle, which 
value depends upon the change of the temperature of 
the surface, X, the physical properties of the structure. 
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the film resistance of the inner surface, and the constant 
air temperature in the space below. Only the second 
of these two parts of the entire problem is treated in this 
paper, namely, the evaluation of /7 from the cyclic 
change in the temperature of the surface, X, and the 
characteristics of the structure XY. 


Roof Panels Studied 


At the beginning of the investigation it was con- 
sidered desirable to study characteristics of heat pene- 
tration for three panels having approximately the same 
conductances but widely different heat capacities. Since 
it was desirable to eliminate as many variables as pos- 
sible, and at the same time to have panels which could 
be considered homogeneous to the extent that the mate- 
rial in any small cube in the panel would be exactly 
similar to that of any other similar cube in the same 
panel, roof panels were built up by laminating alternate 
sheets of iron and cork, which afforded an opportunity 
to distribute thermocouples through the layers. Cross- 
sections of these panels, studied in the summer of 1930, 
are shown in Fig. 2. For convenience in comparing the 
iron and cork panels with structures familiar to the heat- 
ing and ventilating engineer, the figure also shows panels 
of concrete and cork having approximately the same 
conductance and heat capacity. 

During the summer of 1931, a 6-in. concrete, a 4-in. 
gypsum, and a 2-in. yellow pine panel were studied, as 
was also a panel made up of 3-in. concrete and 1-in. cork, 
tested first with concrete upwards, and later with the 
cork on top. (In the following references to this panel, 
the first term of the compound word, cork-concrete or 
concrete-cork, indicates the side of the panel which was 


upward during test.) All panels were 3 ft square. The 
concrete used was 4:2:1 mix of gravel, sand and cement 
with a 4%-in, slump. The concrete was poured onto 
smooth 1-in. corkboard at the bottom of the form so 
that concrete and cork were tightly bonded together 
and remained so throughout the tests. The gypsum 
panel was made of commercial roofing gypsum mixed 
according to specifications for a gypsum roof supplied 
by a large manufacturer. The concrete, the cork-con- 
crete, and the gypsum panels were poured by Charles 
W. Larkin, Head Instructor of Masonry Construction 
at Carnegie Institute of Technology. These panels were 
perfect as regards uniformity of thickness and smooth- 
ness of surfaces. The yellow pine panel was made by 
gluing together 21%4-in. x 6-in. strips of yellow pine 
and dressing them down to a panel accurately 2 in. in 
thickness with smooth planed surfaces. 

The over-all physical properties of the seven panels 
are given in Table 1. The over-all conductivity values 
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were obtained either directly by testing the panels as 
placed in their set-up, or by averaging the known con- 
ductivities of their homogeneous component parts. The 
over-all densities and specific heats are averages for the 
entire individual panel as constructed. The densities 
and specific heats of the component homogeneous parts 
were determined by test, except in a few cases where 
they are handbook data. The physical properties of the 





























TABLE 2—PHyYSICAL PROPERTIES OF Ma- 
TERIALS UsED IN PANELS 
CONDUCTIVITY | DENSITY | SPECIFIC 
MATERIAL y P- MEAT, € 

lron Plate 33.3 489.5 6 
Gasket Cork -IS 14.43 43 
Pire 69 37.45 .47 
Corrcrete 15.0 148.6 230 
Gyrsurr 1.58 649 -234 
Paper & Hear 

‘ean 5.5/ (a) 45./ .35 
CorA board -J35 15.90 43 




















homogeneous materials going into the various panels are 
given in Table 2. 


Test Set-up 


The test equipment for studying the 
effect of solar radiation on heat trans- 
fer was built on the flat roof of a 
low building at the Pittsburgh Station 
of the United States Bureau of 
Mines, so situated that at no time 
during the day was the roof without 
an unrestricted view of the sun. This 
set-up provided for the simultaneous 
study of three panels, each 3 ft. 
square, which formed a roof over an 
air space 3 ft. high by 3 ft. wide by 
9 ft. long as shown in Fig. 3 and 
Fig. 4. The floor and side walls of 
this chamber were insulated with 4 in. 
of corkboard, A, tarred on the out- 
side to prevent air infiltration and to 
furnish a weatherproof covering. The 
three test panels, B, C, D, form the 9& 
roof of the air-conditioned space, and 
are so placed that their lower sur- 
faces are in the same plane. The cork 
insulation on the sides of the air- 
conditioned space extended to the 


upper surfaces of the three panels so A 


as to insulate the edges of the panels, 
and the joints between the panels and 
the insulation, and the joints between 
the edges of different panels were 
sealed with tar. 





Provision for maintaining constant 
temperatures and humidities in_ the 
space below the roof panels was fur- 
nished by an ice-cold water spray, E, 
the well-distributed low-intensity 500 
watt electric heater, /, and the ther- 
mostat, G. Cold water was pumped 
through insulated piping to the cool- 


A- CORK INSULATION 
B,C,D-TEST PANELS 
E-COLD WATER SPRAY 
F-ELECTRIC HEATER 
G- THERMOSTAT 

H- SPRAY RECEIVER 
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ing spray by a rotary gear pump from an insulated ice 
bath in the room below. The spray water was caught 
in the receiver, H, and returned to the ice bath by 
gravity. By varying the volume of spray water, the 
amount of cooling needed to maintain the air space at 
any predetermined temperature was readily controlled. 
The spray maintained the relative humidity of the con- 
ditioned air a constant, sufficiently low to prevent con- 
densation on any of the interior surfaces. When heat- 
ing was necessary, the thermostat, G, by regulation 
relays, controlled the current passing through the 
heater, F. 

The thermostat held temperatures sufficiently con- 
stant for periods preliminary to the actual tests; for 
the accurate conditions necessary during tests, the heat 
was controlled manually by either graduating the cur- 
rent through the heater, F, or by adjusting the volume 
of cold water passing through the spray, using an orifice 
meter and hand-controlled valves. To prevent stratifica- 
tion of the air, a small slow speed blower, J, was located 
on the floor at one end of the chamber. The air inlet 
of this blower was restricted by a damper to allow 
only a small volume of air to be moved at low velocity. 
This agitated the air in the box enough to prevent 





Fic. 3—Test CHAMBER WITH THREE Roor PANELS UNDER TEST 
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an appreciable increase in heat transfer from the under 
surface of the panels. 

Nicholls heat flow meters,® L 
fastened to the lower and the upper surfaces of the 
panels, and their edges were sealed to the panels with 
adhesive tape. These meters the instantaneous 
flows of heat for both the upper and lower surfaces. 
The upper meters were covered with black oilcloth, K, 
to protect them from the weather. To obtain uniform, 
natural surfaces, the upper oilcloth and the lower meter 
surface were painted a dead black with lampblack pig- 


and O, were firmly 


gave 


ment thinned with weak shellac. 

Thermocouples of No. 36 gage B & S copper-con- 
stantan wire were fixed in positions on the top sur- 
face of the weather proofing over each panel, between 
the top of the panels and the top meters, between the 
lower meters and the bottom surface of the panels, on 
the exposed lower surface of the lower meter, and 6 
18 in. and 30 in. below the lower surface of each 
A thermocouple for observing air temperatures 
above the center of the 


in., 
panel. 
in the 


sun was located 6 in. 


"See Bibliography, / 
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Fic. 6—Cross Section oF THE LABORATORY PYRHELIOMETER 
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localized heating or cooling, but not sufficiently to cause middle panel; another thermocouple for observing 


shaded air temperatures was put under a double-deck 
shield, NV, Fig. 4; and extra thermocouples were lo- 
cated at all important points to serve as checks. An 
electrical cup anemometer, /, placed near the top of the 
panels recorded all air movement over the face of the 
panels. 

A pyrheliometer located near the set-up indicated the 
intensity of solar radiation throughout the day. This 
instrument, shown in the photograph, Fig. 5, and the 
drawing, Fig. 6, was designed and built at the A. S. H. 
V. E. Laboratory. It consisted of a smoked, dead- 
black, sensitive disk, 4, containing thirty-one hot junc- 
tions of No. 40 B & S gage thermocouples, the cold 
junctions of which were located between the flanged 
joint of the cup, B. When the instrument was sighted 
on the sun, the sun shone onto the sensitive disk through 
the orifice, C, which was so designed that the sun en- 
tirely covered the thermocouple junctions in the disk, 
even when the instrument failed to point directly at the 
sun by an angle of two degrees. During a day, the cold 
junctions were held at practically a constant temperature 
because the insulated brass container, D, was filled with 
water, which has great heat capacity. Small changes 
in the temperature of the cold junctions did not affect 
readings of the instrument, since the temperature dif- 
ference between the hot and cold junctions remained con 
stant. The diaphragm shields, E, protected the sensitive 
disk from air currents and stray radiation. A trunnion 
mounting timed by a clock controlled the direction of 
the instrument so that when properly sighted in the 
morning, it followed the sun all day. Leads from the 
instrument went to either a recording or a precision 
potentiometer in the room below. Fig. 7 is a curve 
which gives some radiations read with the instrument. 
The scale at the right is in microvolts as recorded by the 
instrument. The scale at the left, in Btu per square foot 
per hour perpendicular to the sun’s rays, corresponds 
to the record in microvolts obtained by calibrating th 
instrument with a Smithsonian silver disk pyrheliometer 

The instruments and apparatus for controlling at 
temperature within the chamber on the roof, for ol 
serving temperature, heat flows, wind velocity and in 
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tensity of solar radiation, were all located in a room 
directly below, and are shown in the photograph, Fig. 8. 

This set-up allowed three panels to be tested simul- 
taneously with heat flow meters and thermocouples so 
arranged that at any time readings could be had of the 
instantaneous heat flow into the top and out of the bot- 
tom surfaces, and of the temperature gradients through 
the panels subjected to varying weather conditions at the 
outer surface and constant air temperature below. 


Test Operation and Results 


Time observations were made in mean solar time, 
which for the latitude and longitude of Pittsburgh and 
for the days studied is 20 to 26 min behind Eastern 
Standard Time. All calculations involving time, and all 
references made to time, are in terms of mean solar, or 
sun time. 

All tests were run continuously for 24 hours starting 
shortly before sunrise. If no test had been run the day 
before, the air temperature in the chamber was con- 
trolled at approximately 70 F for a preliminary time of 
This was done automatically by ther- 
mostatic control. During the 24 hours of the test period, 
the air temperature in the controlled 
manually at 69.6 F+0.2 deg. 
tions were made of the heat flow as given by the six 
heat meters, of the temperatures indicated by the ther- 
mocouples, of the wind velocity, the intensity of solar 
radiation, and the general weather conditions. When- 
ever weather conditions permitted tests were run con- 
However, it was found that 
from 


twelve hours. 


chamber 
Half-hourly observa- 


was 


tinuously day after day. 
comparatively few days were sufficiently 
clouds or haze to permit the collection of satisfactory 
data. 

The data used for analysis in this paper include the 
top surface temperature of the panel exposed to the air, 
the inner air temperature—always kept at 69.6 F—and 
the heat flow observed by the lower heat meter. To 
avoid errors introduced by edge losses, all temperatures 
were read at the center of the 18-in. square test section 
covered by the recording element of the heat flow meter. 
Fig. 9 shows the observed temperatures of the top and 
bottom surfaces of the 2-in., 4-in., and 8-in. laminated 
iron-cork panels and the inside and outside air tempera 
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tures; the four temperatures are plotted against tinx 
during three days, July 29, 30, and 31. Fig. 10 is a 
graph of the observed heat flows at the upper and lower 
surfaces for the same panels on the same days. Tem- 
perature gradients for one day through the iron and 
cork panels, as measured, are plotted in Fig. 11 for 
various times between midnight and noon, and are con 
tinued in Fig. 12 between noon and the following mid 
night. These give an interesting series of temperatur: 
gradient curves from the air above through the pane! 
to the air below, which show just how the temperature 
wave progresses and how its amplitude is damped out as 
it penetrates to greater depths. 

Fig. 13 gives the top surface temperature and the 
inner surface heat flow as observed on the pine panel for 
four days, July 25 to 28 inclusive. The result of a 
mathematical analysis of the heat flow through the lower 
surface is also given which will be discussed later. 
Similar data are given for three days on the concrete 
panel in Fig. 14. Figs. 15 and 16 give the solar radia- 
tion normal to the sun and normal to a horizontal sur- 
face for the days shown in Figs. 13 and 14. The in- 
tensity of solar radiation in Btu per square foot per 
hour on a surface perpendicular to the direction of the 
rays of the sun were obtained from the recorded chart 
of the A. S. H. V. E. Laboratory pyrheliometer, and 
the intensity of solar radiation on a horizontal surface 
was calculated from the recorded curve. Data similar to 
that in Figs. 13 and 14 are given for five days on the 
gypsum panel in Fig. 17, for three days on the cork- 
concrete (cork up) panel in Fig. 18, for two non-con- 
secutive days on the concrete-cork (concrete up) panel 
in Fig. 19, and for one day each on the 2-in. and 4-in. 
iron-cork panels in Figs. 20 and 21. Figs. 22 and 23 
give the temperatures of the top surface exposed to the 
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atmosphere, the temperatures below the upper meter, the 
air temperatures above the panels, the temperatures of 
the lower surface exposed to the conditioned air, the 
heat flows through the lower surface, and other cal- 
culated curves which will be discussed later, for one 
day each on pine and concrete respectively. Figs. 24, 
25 and 26 give the top surface temperature and the 
lower surface heat flows for an additional day each 
for pine, concrete and gypsum respectively. 

The curves in Figs. 9 to 26 show that immediately 
after sunrise the top surface temperature begins to rise 
and that it continues rising until shortly after noon, when 
the temperature begins to recede rapidly until after 
sunset, from which point it continues to fall slowly 
until sunrise the next morning. The part of the curve 
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from sunrise to sunset is a close approximation of a 
half cycle of a simple harmonic curve. The part of the 
curve from sunset to sunrise does not represent the 
other half cycle of the simple harmonic curve, but is 
shorter in time, because during the time of year repre- 
sented by the data, nights are shorter than days. The 
amplitude of the night part of the cycle is not as great 
as for the day, and does not reach its trough midway 
between sunset and sunrise, but at a time very shortly 
before sunrise. This failure of the night half of the 
curve to reach a trough with amplitude equal to that at 
noontime may be accounted for by the lack of negative 
solar radiation at night. The heat flow through the 
lower surface gives a curve similar in shape to the top 
surface temperature, but lagging behind it by an amount 
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Taste 3—CHARACTERISTICS OF Top SURFACE TEMPERATURES AND Lower SURFACE HEAT FLows 
OUTSIDE AIR LAG BETWEEN 
ae si TEMPERATURE OUTER SURFACE TEMPERATURE INNER SURFACE HEAT FLOW CREST oF Temp 
MAA x. [i BES" | crest | rRoveH| crest |rrousn Teme || crest | TROUGH |cREST|TROUeH| BTU || HEAT FLOW 
an °F TIME | °F TIME RISE TIME TIME | TEMP |TEMP|RANGE|| TIME Time |erTu | Bru |Rance|| 'N “OURS 
Y 2 Iron - cork July 29 || 898 | 3:48PM | 680 | 545AM | 540 | 1215PM| SIOAM| 1605 | 575 | 1030 || 230PM.| 6.30AM| 9.0 00| 90 || 2Hrs [smn | 

, 7 ° - 30 870 215PM 536 ] 510 - 5:00 12 15 J 4:50 - | ($60 435 | 1125 4:00- ~- 7:-30° ° vo 25 65 ge o- 

3/ 855 | 227-* || 594 5/3 5.10 12:50+~-| 5:'10~-*| 1620 495 | 125 4:30 - 6°30 . 105 30 75 -.* @e * 
Sept9 || 720 | 11:35AM || 500 | 505-- || 5:00 12:00- -| 5:00--| 1593 | 425 | 168 || 9:03 - | $:10- - | 410 | -35 | 145 || 5 - 08 
| = @ | 940] 1:10PM, |] 510 | S:20-- | 5:25 | 12:30- =| 5:25-- | 153.0 | 402 | 126 || 2:30-- | 7:00-~ | 2 | -35| 147 12-0 

c : | @_ | 9z0| 122+ || 590 | 5:35-- | 6:08 25~-| 525~-| 1335 | 388 | 947 || 2:20-- | 3:40- - | 103 | -45| 148 |lO- 55° 
| 2" Iron - Cork ll fe 680 |1/'34Am || 540 |_7:09- + 715 1:00-+| $:50-~+| 1S53 | 442) Gi 300-- 1:00- - 69 -34 103 -* 

| | 
4 iron - Cork July29 || 896 | 3.48PM || 6a0| 5 asim | 430 /:30AM| 430AM| 1625 | 645 | 980 || 9:00PM | 430AM| 80 | 35| 45119 - 30° 
= | - 30 leroy 2u5-- |5a6 | 510-- I 5:30 1:30-- | 5:00--| 990 | 420| 11.0 || 8:00-- |1130-- | 55 os| S50 \|a- 30° 
eee 3 lass] 227-- | see | 513--] 500 | 115m] 5.00--]| 1645 | 440] 1205 |10:00-- | %00-- | 85 3o| 55 [8 - 45- 

. | Sept 9 || 720 | 11:35am_|| soo | 5:05-- || 5:00 lzaor*| 5:00--| 1a?! | 460| 1031 || 5:40-- | 840--| 65 ‘7 | 46/5 - 0° 
aw | 10 || 9a0| 1:10pm sio | 5: 20-- | 550 12:50--| 530--| 1477 | 441 | 1036 || 6:40-- |1/2:50°mM| 52 | -10| 62\|5- 40- 
Pe sae & | a [o2oT ze = - 590 5:35 -- T6200 12:40--| 6.00--| 1/350 | 448| 902 || 8:20°-| 5:30°-| 48 a5 | 45 
|S ivon-Cork || = 9 [eso | 11:34am 540 | 709-- | 635 12:00--| 5:50--| 1270 | 474 | 816 || 640-- | 2:50-- | 47 i] S86 - 40- | 
| 8 iran - Cork July 2? || 498 | 3:48PM) 680 | 5:45AMl| 2:50 | 1/:20AM| 4:50AM] 570 | 685| 885 || 930AM| 700PM| 55 | 35 | 20 a 
= . I 30 || 870| 275-- || 536 | 5:70--|| 275 12:00PM| 4:/5--| 1895 | 445| 1050 || 630--| 600--| 60 | 35] 26 |l19~- jo - 

_: 3 llass| 227-- | see] sus--] 5:30 | 1:00--| 5:00--| s595 | 490] 1105 || 20pm 4:00--| 70 | ss] 35 |ee- 9 - 
ae . | Sept? || 720] 11/35aml sao | 5:05--|| 5:30 | p05--| $:30--| aes | ae6| 979 || iz:ze-- | S:00--| 48 33| 16 
t | - 10 geo) 1:10PM) 510 | S:20-- || 5:35 12.19" -| 5:45--| 1440 | 476 | 964 || B40AM| /°84--| 45 20) 25 is - 35 - 
a: . 13 | 920) 122-~- || 590 | 5:38-- | 5:57 100 -| 5:57: -| 1328 | 502| 626 || 10:30-*| 8:20--| 77 32| 45 
| 8 iron = Cork ~ 19 lleso| + 2e-- | Sao| 535-- |) 718 | 125- -| 700- +] j270 | 501 | 6a? || 620--| 4:51--| 65 | -a9 | 74 |li7 - 20 - 

193! mm i 
2’ Pine July 25 || 866 | 2:300m.|| 562 | 3:254m || 5:00 | 12:50°M| 340AM| 1460 | 5/5 | 945 || 200Pm| 6:00AmM| 250 | -50 | 300 ||; - 10 - 
. < * 26 || 944) ¢20-~ || 56/3 | #£00-* 4:50 | 12/:40-* | 3:40-~- | 1535 | 50? | /028 1:40-* | 520~- | 260 -48 | 308 |i/ + oO -* 
i. « | + 27 |le7s| 14s-~ | 608) a30-- | 570 | 12:30-- | 3:00--| 525 | 560.| 965 || 210-- | 5:20-- | 255 | -s2 | so7 ||; - #0 - 

| 2’ Pine - 2 | 66) 3:75-- || 655 | 3:45-- | 4:30 | 12:15-- | 4:10-+| 470 | 602| 868 || 275-- | 2:00-- | 240 | -36| e7¢ 2 - oO - 
6 Concrete Wuiyes || 866 | 2.30PM || 562 | azeam | 500] 7.30PM | 4.30AM| 1250 | 600| 650 || 500PM\| 7:00AM | saz | -50| 452 15 - 50 - 
a. | - 26 || eaa| 1:20- - || s6:| 400--|| 5:00 | y2:45-- | 4as--| 256 | 608| 655 || 4:35-- | 650-- | 375 | -40| 4:5 13 - 50 - 
a3 27 | 975 | 1:45-- || 608 | 4:30-~- || 5:00 1:50- * | 5:00--| 128.5 | 650| 635 || 4:50-- | 6:30-- | 408 oz|406 ||5 - 0: 
Ps S™t™~é‘idr:CSC‘ K S«*dY CS | 5S- - | CSS | 3:45-~ | 530 (:4o- - | 5:00--| 125.3 | 6a3| 570 || 4:15-- | 6:30-- | 410 jz2| 398 ||2- 395° | 
ae Sept. 7 || 622 | 130° ~ || 505 | 4:35-~- || 5:50 i:20° -| 5:25--| 1182 | 552| 630 || 4:05-- | 7:15-- | 305 | -65| 370 ||2 - 45° 
cae | + 8 || 42@| 3:30--| 517 | 6.00-- | 600 3:00 -| 5:15--| 90 | 550| 410 || 5:00--| 720--|150 | -90| 200 ||2 - o- | 
war -_ ¢ |l geg| sso: = | 564 | 1:30-- || 5:30 Lis: -| £:00--| 116.0 | 595 | 565 || 4:30°- | §40-" | 280 | -60| 340 ||3 - 15° | 
7 2s eae = 0 || 979| 3:00- « | 655 | 5:/5-~ | 5:40 1°30 ~ | 4:50--| 1170 | 665] 505 || 4:10-- | 7:20- - | 2¢0 | -g0 | 298 ||2 - 40° 
YE Concrete || * il es¢| 3:00: * || 647 | 5:15-~ || 5:45 iio - | 5:00--| 1200 | 6£0| 560 || 4:00--| 7:10-- | 295 | -20| 315 ||2 - 50° 
| 4 Gypsum ~ Sept.7 || 822 | 1:300M.|| 505] 4:35AM] 5:30 /:OOPM| 5:30AM 1385 | 460| 925 || 3:15PM.| 7:00AM | #0 | -58| 238 2 - 3 - 
aa > @ | eza| 3:30-- | 5:7 | 6:00-- | 5.485 3:20--| 5:30--| 116.0 | 480| 6840 | S00--|645--| 95 | -62 | 157 ||t - 40° | 

- +. | + § | ge¢?| 4:30-* | 564| 1:30--| 6:00 1:00-~| 1:50--| 1324 | 535| 769 || 410-- | 5:00--| 65 | -s2| 197 13 - 10° | 
7. | > @ || a9] 900-- less | 518--| 5:50 | 7:395-=| 5:30--| 920 [ers | ws || 4:00-- | 700-- | 185 | -14| i992 - 25° | 
PaSGypsum ts tC 9 | S200- * | 6a7 | 518-= | 630 (:00- + | 5:00°-| woe | 6a] ai || a:20-- | 700-- | as | -30| 13 3 - 20° | 
| 4’ Cork- Concrete || Sept? || a22| 130PM || 505 434M | E00 | 1840Pm | FIOAM) 1390 | 230] 960 | OOPM | FI0AM | 120 | 18 | 788 TS > 
Cc CUTTCOdC Ci 2 | 90- = 577 | e00-- | x40 2:50-- | 5:20--| 7210 | 450, %O | 5Si0-- | 650-- | 64 | -39| 103 |2- 2 | 
cai a. 9 [vee [30-564 | 130-- | 2:00 | 12:a6-- | z00-- | rss8 | sre | eao | ai0-- | 5:30-- | ie | -28 | 148 | 3 35° 
[; - + || +. || 97?| 300-- | 653 | 575-- | 500 1:00-* | 4:30-*| 1365 | 600| 765 | #400-- | 700-- | 120 | -10| oils - O° | 
| 4 Cork -Corcrete fw 959 | 300-- |647| 5./5-- | 600 | j250--| 4:30--| 1410 | 592| B18 | 4:10-- | 600-- | 720 | -10 | 130 ]|3 - 20 - | 
| & Concrete -Cork * July 25 | eee | 2390PM || 562 | S25AM| 500 | 200PM| ABQAM| 1375 | S52| 623 || 405PM| 630AM|15¢@ | -27 | 6 2 05 | 

a. - || = 26 [ees] r20-- [ser | a00-* [5:30 | 1:50-~ | 5-00- -| 1420 | 570 | e560 || a00-- | 5a0o-- [ise | -30| 148 [2 - 10° | 

eo ; - 27 || 975 | f:45-- | 608] 430-- | 5:20 z:00-- | 5:20--| io | 6az| 778 || 400-- | 600--|175 | -12 | #7 2 - 0 
4 Concrete-Cork || - 26 || 9e6| 375-- | 6S5 | 345-- | 530 1:50-- | 5:10- -| 1370 | 670 | 700 || 3:00-- | 6:40-- | 469 | -02| 17/ | 1 - 10 = 

































































April, 1932 


depending upon the panel studied. Table 3 gives timing 
and characteristics of the top surface temperatures and 
the lower surface heat flows for different days and 
panels. 

Comparisons between the calculated and observed heat 
flows for the eight panels are shown for different periods 
of the day in Table 4. The calculated heat flows were 
based on the conductivities and inner film conductances 
given in Table 1, an outer film conductance of 2.0, and 
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the average difference in temperature between the inside 
and outside air. Direct comparison between panels can 
be made only for those studied on the same day. It will 
be observed that for any panel the heat flow reaches a 
maximum sometime after noon and then recedes. The 
calculated heat flow shows a similar cycle, though not 
necessarily timed the same, and with widely different 
magnitudes. All panels give maximum heat penetration 
into the interior during the period, 3 p.m. to 4 p.m., 


































































































































































































































TABLE 4—OBSERVED AND CALCULATED Heat FLow 
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excepting those of iron-cork construction, which give and evening periods, 9 a.m. to 5 p.m., and 8 p.m. to 
maximum rates from 3 p.m. to 9 p.m. for the 2-in. and 11 p.m., is always less than the observed heat flow for 
4-in., and after midnight for the 8-in. panel. It will be the same periods. At some times this discrepancy 
observed that the calculated heat flow for the day amounts to an observed value of approximately three 
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times the calculated value for the 2-in. pine and 
the 2-in. iron and cork panels during the day 
period, and to an observed value ten times 
greater than the calculated value for the 6-in. 
concrete panel during the evening period. 
Since the value of the conductivity is im- 
portant in the analysis of the flow of heat, 
its accurate determination is necessary. For 
the earlier part of the work, the conductivities 
used were taken from accepted data in the 
A. S. H. V. E. Guipe, but it was soon ap- 
parent that a check on these evaluated values 
would be desirable. By holding the air in the 
chamber at a constant temperature and cover- 
ing the upper surface with a deep bed of 32 F 
slush ice and water, an excellent determina- 
tion of the conductivities of the panels was 
made with them in place. The calibrated 
Nicholls heat flow meters on the upper and 
lower surfaces gave the heat flow into and out 
of the lower and upper surfaces of the panels, 
in addition to a check of possible heat losses 
through the edges. A frame, 6 in. deep, was 
built up on the outer edges of the panels to 
hold the ice in position. 
flows and the temperatures of the different sur- 
faces of the panels were recorded when the 
rate of flow became constant. The tests for 
the determination of conductances and 
ductivities were continued for a length of time 
sufficient to assure a balanced steady state con- 
dition of heat flow. From the temperatures, 
rates of heat flow, and thickness of the panel, 
it was a simple matter to work out the con- 
ductivities by the ordinary straight line flow 
formulae. These conductivities were of partic- 
ular advantage, as they were run only a few 
days before the cyclic tests were made; con- 
sequently there was little time for the con 
ductivities to change by ageing or drying. 


The respective heat 


con- 


The specific heats used for the first wave 
flow calculations were originally handbook 
data, but these were later checked by a rather 
unique method developed at the Laboratory. A 
pulverized sample of the material held in a 
sealed glass test tube was cooled to a con- 
stant temperature of 32 F by completely cover- 
ing it with slush ice over night. Water at 
a temperature slightly above that of the room 
was kept agitated in the cup of a student calori- 
meter while the cooled sample of material was 
quickly added to the cup. All masses and tem- 
peratures were chosen so that the resulting 
mixture had a temperature the same as that of 
the room. Temperature observations were 
made of the mixture of sample and water with 
an accurate thermometer, and curves for cool- 
ing corrections were drawn. The specific heat 
of the unknown sample was determined from 
the weight, temperatures and constants for the 
calorimeter by the usual calculations. The fact 
that the sample was cooled instead of heated 
before being mixed with the water in the 
calorimeter greatly added to the accuracy of 
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the method, since the ice bath gave a very con- 
stant temperature, insuring an accurate tem- 
perature determination of the sample which 
would be otherwise hard to get. By mixing 
32-F samples of the materials with 32-F water, 
an indication could be obtained if the heat of 
solution was affecting the results. The heat of 
solution did not enter into the calculations for 
the materials studied. 

The lower surface film transmittance 
efficient used in the mathematical analysis of 
heat flow was determined from the measured 
heat flow and the temperatures of the inner 
surface and the air 6 in. below the surface. 
Since the lower surfaces of all panels exposed 
to the air were painted with lampblack and 
shellac, the same coefficient applies to all. 
Analysis of many results for the lower sur- 
face gave 1.9 Btu per hour per square foot per 
degree temperature difference, which value is 
used in this paper. Many other data resulting 
from the study are available for analysis of the 
film transmittance for the lower surface and 
for the upper surface with still and moving air 
as measured at night, on clear and cloudy days, 
and for other conditions. 


co- 


Mathematical Analysis of Periodic Heat 
Flow Through Roof 


It is desired to develop as simple a method 
as possible for use in determining the rate of 
heat flow into an enclosure, using outside 
weather conditions and the physical properties 
of the structure. Such method is available for 
steady state conditions where the outside and 
inside air or surface temperatures have _ re- 
mained constant for a sufficient length of time 
for the rate of heat flow to become constant. 
It appears, however, that there is no method 
available for the case considered in this paper, 
where the outside source of heat and the out- 
side surface temperature vary as a harmonic 
function of time. 

It has already been pointed out that the prob- 
lem of starting with the outside source of heat 
from the sun and the outside air temperature is 
infinitely more complicated than the problem 
of starting from the outside surface tempera- 
ture; this paper is limited to a solution of the 
latter part of the complicated problem, leaving 
for future analysis the problem of arriving at 
the outside surface temperature using as fac- 
tors the intensity of solar radiation, the outside 
weather conditions, and the physical properties 
of the structure. Stated more specifically, the 
problem is to take the outside surface tempera- 
ture curve for a twenty-four hour period, as 
plotted in any of the Figs. 9 to 26, the thick- 
ness, conductivity, density and specific heat of 
the panel, the inside air temperature, and the 
inside surface film resistance; and from these 
to determine by calculation the rate at any in- 
tant heat flow from the inside surface 
The nearest approach to a solution 


of 


to the air. 
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of this has been in the work of Ingersoll and Zobel,’ con- 
cerning the rate of heat transfer at any point within an 
infinitely thick solid, resulting from the application of 
simple harmonic temperature variation at the outside 
surface. While the Ingersoll and Zobel solution serves 
the problem in hand better than the assumption of steady 
state conditions, it is not adaptable to the needs of the 
air-conditioning engineer. 

Mathematically, the solution of the following equation 
of heat flow is desired: 











dé d* 
- = % (2) 
dt dx* 
which will satisfy the boundary conditions: 
@= 6, sin wt at r = 0, and 
dé 
k -+e0=—0 atx+=—/ (4) 
dx 


For the sake of simplicity, it is assumed that the aver- 
age temperature over a complete cycle is zero on both 
sides of the wall. No generality is lost by this assump- 
tion, for when the average temperatures on either side 
of the wall differ from zero, the steady flow of heat due 
to these average temperatures may be calculated and the 
two solutions added. 

For solving the oscillatory case, the terms are defined 
as follows: 

k = coefficient of thermal conductivity of slab 

p = density of slab 

¢ = specific heat of slab ; : 

¢ = ratio of the heat flow per unit area from the slab surface 

to the air, to the difference in temperature between this 


surface and air. Assumed constant. 
! = thickness of the slab 





2n 
w = —— where 7 is the period of the temperature oscillations 
/k- 
k= f/ — 
cp 
l / oe Cpw 
s= — —_—_— = 
h 2 2k 
€ eV2 
— 
kB V cpwk 


a 


> solution is 
4=c, e —B8* sin (wt + y, — Br) + 
Pa - 2!) ain [wt + ¥2 +B (x —21) | (5) 


See Bibliography, c 


the inner surface is of importance. Equation 5 may 
be written: 


6, 
@=—e -brsin (wl +a Ba) 
B 
Ab . 
ad Bla 2l) . 
| c sin [ wf +a +0648 (x—2/) (6) 
B 
where 
[(i—f)*+1 
i=-4 
(1+ f)?+1 
2—f* 
o cos —____ Use=T 
V4+f 
A Bl 
a sin“'—e ~~ sin (@— 28)) (—-t™<a<) 
B 
, / : 4Bl 2pl a 
B=V 1+ Ae + 2Ae cos (¢ —26]) (7) 
In practice, ¢ ~?' will be small, and e ~ 4" will be very small, 


while 4 must lie between 0.546 and + 1.00. Therefore, B 

1 + de ~—26l cos (o —2Bl) approximately, which shows that B 

may be set equal to 1, and a equal to zero. The resulting solu 

tion 
0 Be ., 

e sin (wi Ba) 

A, 

+ Ac B (x -2l) sin |wt +048 (a 21) 


will not be in error by more than e 2B! in unity. 

The problem’s main interest lies in the solution of the tem- 
perature and heat flow from the inner surface of the wall 
where + =/ 

6 6; 

Here - 

A. G6 


e Bl | sin (wt — Bl) + A sin (wt — Bl + o) 


which obviously represents a simple sine function of ampltitude 


6m 
— = Re Bl where (8) 
4, 
R V 1+ A4’°+ 2A cos o 
Om 
—— is the ratio of the amplitudes of the temperature variations 
6, 


on the inside of the wall to that on the outside. Since A and o¢ 
are functions of the single variable f, R is also a function of f, 
and is plotted in Fig. 27 for both the fundamental and first har 
monic waves. In a like manner, values of e ~# are plotted 
against B/ in Fig. 28. 
Om 
To find the value of it is only necessary to calculate f 
6. 
and §/ from the constants of the slab, and take the product Re —#! 
from Fig. 27 and Fig. 28. The temperature at the inner surface 
may now be expressed by the equation 
0; = Om sinw (t + to) (9) 
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where 
i, <= the time between the occurences of the temperature maxima 


at the outside and inside surfaces. The temperature is maximum 


Ww 
at the outside surface when wt = —, and the corresponding max- 


imum at the inside surface occurs when 


1+ A cose 
Bl) =—_——_ 


A sine 


where 





tan (wt - (wt—Bl) is in the 


first quadrant. 


1+ Acose¢ 7 
Then wt, = eT ee oe 
A sine 2 


After f and Bl have been calculated, curves may be 
drawn for rapid solution of the timing of the waves. 
Fig. 29 gives the uncorrected time in hours required 
for the crest of the fundamental and first harmonic 
waves to pass through a panel. Fig. 30 gives the cor- 
rection time in hours to be applied in determining the 
correct length of time required for the fundamental and 
first harmonic waves to pass through a panel. 

Because the English system of units combines terms, 
which because of their dimensions (i.e. feet with inches 
in Btu per square foot per hour per degree Fahrenheit 
per inch of thickness) are very difficult to use in in- 
volved mathematical processes, all physical constants 
used in the Laboratory work were converted into the 
cgs or metric system, and used in that form until all 
dimensions cancelled in the mathematical process. These 
constants, being dimensionless, are adaptable to tempera- 
ture and heat flow measurements in any system of units. 

In applying this solution to a practical example, the 
data collected on the gypsum panel on September 9, 1931, 
were chosen. Fig. 31 is a graphical analysis of these 
data. The solid line curve, BCDEG, represents the plot 


+ Bl 
(10) 


20 


ho 
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of temperatures obtained on the outer surface of the 
panel. A time for starting was chosen arbitrarily at 
4:00 a.m., and the temperatures have been plotted 
through to 4:00 a.m. on the morning of the following 
day, September 10, 1931. 

To analyze the repeating wave caused by solar radia- 
tion on the outer surface of the panel, use is made of the 
Fourier series, which is a trigonometric series approxi- 
mation of an arbitrary periodic function, the terms of 
which are sines and cosines of increasing multiples of 
the variable. In the solution, the approximate equation 
of the outer surface temperature curve is found by 
analysis of the curve. A Fourier series consists of an 
infinite number of terms; but for ordinary heat flow 
work a summation of only the first two terms, namely 
the fundamental and the first harmonic, is sufficient. To 
determine the constants entering into the series, the tem- 
perature curve for the outer surface may be analyzed 
by the use of either a polar planimeter or a harmonic 
analyzer, or by computing mathematical averages, which 
last-named method was used at the Laboratory because 
it required no special equipment. The two-term mathe- 
matical series representing the outer surface tempera- 
ture was first computed; from this the amplitudes of the 
fundamental and first harmonic waves at the outer sur- 
face were obtained. By applying the theoretical for- 
mulae to these amplitudes of the outer surface, the 
corresponding fundamental and first harmonic ampli- 
These inner 
surface amplitudes were vectorially added to give the 
wave heat flow, which was added algebraically to the 
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fil 


heat flow in the panel (considered to be steady) to give 
the heat flow at the inner surface. 


1. On the Analysis Chart, Table 5, the starting 
time is filled in at the top of the sheet. The time starts 
at 4:00 a. m. and continues down the sheet at 20-min increments 
until 3:40 the been reached. Thus 
72 times have been listed. 


Fourier 


following morning has 


2. On each line of the Fourier Analysis Chart, or every 
twenty minutes during the twenty-four hour period, the value 
of the surface temperature above zero Fahrenheit is recorded 
in column a. Thus, on Fig. 31 at N, which corresponds to 12:20 
p. m., the value of the curve is 132.3 F. 


3. On the chart, Table 5, the 72 readings in column a total 
6273.90 F which when divided by 72 gives 87.14 F as the value 
of the average integrated temperature. This temperature line, 
AF, will divide the curve, Fig. 31, so that the sum of the solid 
line areas'ABC and EFG will be exactly equal to the area 
CDE, In other words, over a twenty-four hour period, the area 
above the average integrated temperature line will be exactly 
equal to the area below it. 


4. The value of the average integrated temperature is alge- 
braically subtracted from the temperature listed in column a 
to obtain the values listed in column b. These values show the 
height of the curve BCDEG above or below the average inte- 
grated temperature line, 87.14 F. Thus, at 1:40 p. m. there 
is a height of 43.96 F as shown by P, while at 11:20 p. m. the 
height is -19.84 F as shown by Q. 


5. The values in column > are multiplied by the listed values 


of cos a, sin a, cos 2a and sin 2a to obtain the respective columns 


? 


b cos a, b sin a, b cos 2a, and b sin 2a. All changes in sign in 


the cosine and sine are taken into account. 


f 


. The 72 readings in each of the columns mentioned in Para- 
graph 5 are algebraically added. Each of these four totals is 
divided by 36 to obtain the coefficients for the first two terms, 


the fundamental and first harmonic of the Fourier series. The 
series 1s written: 


6 outer =A cosa+B sina+C cos 2a+D sin 2a+ 4 4 


surface 
(11) 
wi ore 


! is the coefficient determined from the b cos a column 
- is the coefficient determined from the Db sin a column 


Heating -Piping 
atAir Conditioning 
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Fic. 29—Curves Givinc Uncorrectep TIME 

IN Hours REQUIRED FOR THE CREST OF THE 

FUNDAMENTAL First HARMONIC 
WAVES TO TuHrouGH A PANEL 


AND 


Pass 


C is the coefficient determined from the } cos 2a 
column 
D is 
column 
In Equation 11, the terms containing 


the coefficient determined from the b sin 2a 


A and B will 
give the fundamental of the series, while the terms 
In the 
example when the aforementioned operations had been 


containing C and PD give the first harmonic. 


performed on the algebraic totals, the series is found 


to be: 
0 outer = —27.186 cosa + 20.929 sina 
surface 


4.308 cos 2a —12.900 sin 2a + + 4 (12) 
6a. If a check of the surface temperature is desired, 
the actual temperature, as measured on the outer sur 
face, may be compared with the Fourier series over a 
® 24-hour period. This Table 6. 
Starting at 4:00 a. m., or zero time, the timing angle 


check is shown in 

a is increased by 15 deg for each hour, since there 
are 360 deg in a full cycle of 24 hours; the sines and cosines for 
all of the angles a and 2a are found from trigonometric tables, 
and the indicated multiplications performed; the results of these 
multiplications are added algebraically to obtain the amplitude, 


6 outer 
surface 


value of the average integrated temperature to obtain a tempera- 
ture which will approximate the experimental temperature curve 


; and this resulting temperature wave is added to the 


at the outer surface. The resulting broken line curve, BCDEG, 
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in Fig. 31 is the check on the accuracy of the two-term 
Fourier analysis. 

7. From the English or engineering values of the phys- 
ical constants of the wall, namely 

k = 1.445 Btu per square foot per hour per degree Fah- 

renheit per inch 
p = 64.89 pounds per cubic foot 
c = 0.234 


hy 1.9 Btu per square foot per hour per degree Fah- 
renheit 
1 = 4.188 in. 


which have been determined previously by test and meas- 
urement, the equivalent cgs values are found to be 


k 1.445 & 3.44 & 10°* = 4.971 & 10° cal per square 
centimeter per centimeter per second per degree 
centigrade 

p = 64.89 — 62.4 = 1.04 grams per cubic centimeter 

c 0.2. 

hy = 1.9 & 1.355 & 10° = 2.574 K 10° cal per square 


centimeter per second per degree centigrade 
/ = 4.188 & 2.54 = 10.637 centimeters 
The value of 8 is determined from the formula 


Cpw 
p= (13) 
2k 
where 
2n 
eo — 


7 =the length of the period. In the cgs system, 7 = 
86,400 seconds for a 24-hour period. 


in the example 


0.234 1.04 X 3.1416 

— — — = 0.1334 
86,400 4.971 « 10° 
Q. 


The value of - is determined from the formula 


and in the example 


2.574 & 10°* . 
0.5178 (14) 


4.971 « 10° 


10. 


The value of f is determined from the formula 


E 
} (15) 
B 
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Time a b a |Cosa|bCos a|Sina|bSina} 2a | Cos @ajbCos2a| Sin2a |bSin2a 
40 548 3254 0 | 1000 |-3234 | 2000 00 @ | 1000 |-3234 | 0000 00 
20 548 | ~3234 4 9% | -322/ 087 | - 28 10 985 | -31.85 174 | - 563 
40 549 | -3224 10 985 |-3176 174 | - 561 20 940 | -30.31 342 | -1103 
500 549 3224 18 966 |-3114 2597 | - 635 30 866 | -2792 500 | -1612 
20 $50 32/4 20 940 | -302! 342 | -1099 40 766 |\-2462 642 | -2063 
40 56.0 | -31/4 25 906 | -282/ 423 | -/3/7 50 642 | -/9- 997 .766 | -2385 
600 580 2vi4 30 866 |-2524 500 | 457 60 500 | -/4.57 866 |-2524 
20 606 | - 2654 35 61? |-21.74 574 | -/$23 70 342 |- 908 940 | -2495 
40 640 23/4 40 7 -1773 642 | 1/486 80 174 | - 403 985 \|-22 
7.00 674 1974 45 707 | -13% 707 | -13:96 90 | 0000 CO | 1000 |-/974 
20 72. 1514 50 642 |- 972 766 | -1160 100 | -/74 263 985 \-l4P 
40 772 |- 994 55 574 | - 57! ai? | -8i4 110 | -~342 340 940 |- 934 
800 824 474 60 500 | - 237 866 -~410 120 -~500 237 666 - 410 
20 877 OSE 65 423 oz 906 $1 190 | -642 |- .36 766 043 
40 93.3 €16 70 342 21 949 579 140 | -766 |- 472 642 395 
9:00 988 1166 75 259 302 966 1126 150 ~866 | -/010 500 583 
20 | 1040 /686 80 174 293 985 | 1661 160 | -940 | -1585 342 577 
40 | 1095 2236 85 087 195 996 | 2227 170 | -9865 | -2202 174 389 
10.00 146 2746 90 | 0000 00 1000 | 2746 180 1000 | -2746 0000 00 
20 119.0 3/86 95 | -087 |- 277 996 3173 190 | - 985 |-3138 ~/74 |\- 554 
40 | 1230 3586 | 100 | -/74 | - 624 965 | 35392 | 200 | --940 | -337/ 342 |-1226 
100 | 1264 3696 | 105 | ~259 | -1009 .966 | 3764 | 210 | -.866 | -3374 | -500 |- 1948 
20 1288 4166 410 | ~342 | -/4265 940 | 3916 220 | ~.766 | -3/.9/ ~642 |-2675 
40 1307 4456 15 | -423 | -1843 906 3947 230 | -642 | -2797 ~. 766 3337 
12.00 1318 4466 | 120 | -500 | -2233 66 3868 240 500 | -22.33 ~666 |-3863 
20 1323 4516 125 | -574 | -2592 8g JEFF 250 | -342 |-1544 | -940 |-42745 
40 | 1324 4426 || 130 | -642 |- 2906 766 | 3467 | 260 | -/74 |- 788 | -985 |-4458 
1-00 1322 4506 || 135 | -707 | -3186 707 3186 270 | 0000 00 | 1000 |-4506 
20 | 13/9 44% | 140 | -766 |-3429 642 | 2874 | 280 174 779 | -985 |-4409 
40 | 1314 43% || 145 | -819 | -3600 574 | 2523 | 290 | .342 | 1/503 | -.940 |-4/ 32 
200 129.9 42% 150 | -8&6 | -3703 500 | 2138 300 500 2/38 ~ B66 -37.03 
20 1280 4086 155 | -906 | -3702 423 1728 310 642 | 2623 -.766 | -3/30 
40 1256 3B4E || 160 | -.940 | - 36/5 542 13 15 320 766 29 46 ~642 | - 2469 
300 1223 S516 165 | - 966 |-339%6 259 GI2 330 B66 3045 -500 |-/758 
20 185 313% 170 | -985 | -3089 174 546 35340 940 2948 | -342 |-1073 
40 | 1140 2686 || 175 | -9%6 | -2675 067 234 | 350 985 | 2646 | -/74 |- 467 
400 | 1094 2226 || 180 |-/000 |-2226 | 0000 00 | 360 | 1000 | 2226 | 0000 00 
20 | 1043 (716 | 185 | - 99% 1709 | -087 |-/49 10 985 | 16.90 174 209 
40 | 100.0 1286 || 190 | -986 | -1267 -~/74 | -224 20 940 | /209 342 440 
500 964 926 || (95 | --966 | - 895 ~ 259 | -240 30 B66 802 500 463 
20 929 576 || 200 | -940 | - 54! ~942 | -/97 40 766 44! 642 370 
40 895 236 | 205 | -906 |- 2/4 | -423 | -/.00 50 642 1.52 766 sg 
600 66.7 ~ O44 4 210 | -866 Q38 -500 22 60 500 |- 022 866 |- 038 
20 842 |- 2949 2/5 | -8re 24) ~574 169 70 342 |- /0! 940 276 
40 820 514 20 | -766 394 ~ 642 330 60 174 \- O87 GES 506 
700 803 - 684 225 ~J07 484 ~.707 4684 90 | 0000 00 1/000 684 
20 790 8/4 | 230 | -642 523 ~. 766 624 100 | -174 142 985 802 
40 774 | - %74 4 235 | -574 559 | -819 798 110 | -342 333 940 Fle 
800 759 | -s124 4 240 | -500 562 | -866 973 120 | -.500 S62 B66 973 
20 743 1284 4 245 | -423 543 | -906 | 1/63 130 | -642 824 766 964 
40 730 | - 1414 | 250 | -342 484 | -940 | 1329 140 | -.766 | 1083 642 908 
700 722 (49a 4 255 | -259 387 | -966 | 1443 150 | -~866 | 1294 500 747 
20 73 ~ \S584 | 260 | -/74 276 -.985 (560 160 | -.940 1489 342 \- 5A2 
40 705 (664 | 265 087 +46 - 996 1657 170 ~ 985 1639 174 \- 290 
/000 698 |-/734|| 270 | 2000 00 |-1000 | 1734 180 |-1000 | 1734 | 0000 00 
20 690 | -/81/4 || 275 087 | -/58 | -996 | 1807 190 | -.985 | (787 | -174 3/6 
40 683 1884 || 280 (74 |- 328 985 | (856 200 | -.940 | /77! | -.342 644 
11:00 679 | - 1924 || 285 259 |- 498 | ~965 | (859 210 | -866 | 1666 500 962 
20 673 | -/984 | 290 342 |- 679 | -940 | 1865 220 | ~76€ | 1520 642 | 1274 
40 668 2034 || 295 | 423 |- &60 906 | 1843 230 | -642 | /3.06 | -.766 1558 
/200 662 | - 2094 || 300 500 | -/047 - 866 1813 240 ~500 | /047 ~ 666 1813 
20 659 2/24 | 305 574 | -1219 819 1740 250 ~342 726 ~ 940 1997 
40 653 | - 2/84 | 310 642 | -1402 766 | 1660 | 260 | -/74 380 985 216! 
1:00 649 | -222¢ | 3/5 7o7 |-/872 ~707 | 1572 270 | 0000 00 |-1000 | 2224 
20 644 | -2274 | 320 766 |-/742 | -642 | /460 | 260 174 \- 396 | -.985 | 2240 
40 640 | -23l4 | 325 are | -/895 ~$74 | (328 290 342 \- 791 | -.980 | 2175 
200 636 2254 | 330 | #66 | -2039 $00 | 1177 | 300 500 |-/177 | -.866 | 2039 
2 632 2394 | 335 906 2169 423 | (0713 3/0 642 |-/537 | -.766 1834 
40 630 | -2414 | 340 | 940 2269 342 826 $20 766 |-1849 | -642 | (550 
300 628 ~ 2434) 345 966 235! 2597 630 330 866 |-2/ 08 ~ 500 4217 
20 625 | -2464 | 350 985 | -2427 174 4297 | 340 940 |\-23./6 | -342 843 
40 622 | -2494 | 355 996 |-2484 087 2/7 | 350 985 \-2457 | -/74 434 | 
Totels 627390 978 €8 +753.44 - (5510 -4644 
Average~ 8714 A-- 27186 B-+20929 C-- 4308 D--1290 
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TABLE 6—TEMPERATURES RESULTING From Fourter AN- 
ALYSIS OF OUTSIDE TEMPERATURE CURVE 
a 
GYPSUM PANEL SEPT. 9,193! 
q 
z| { 
ny 
é vl ioxlet lst {csl ae “}.0] 24] .$ 
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7—CALCULATED Heat Fiows THROUGH 
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and in the example 
0.5178 
{= - = 3.881 
0.1334 
ll. The value of 8/ is determined from the formula 
BI=BxXx 1 


and in the example (16) 


BI = 0.1334 & 10.637 = 1.419 


12. Next, the value of the fundamental amplitude at the outer 
surface and the time in hours that its crest is distant from zero 
time are found by analyzing the fundamental—or A and B— 
terms of the Fourier equation of the wave form at the outer 
surface, by drawing the vector diagram as shown in A in Fig. 
32. Here, A is laid off on the y axis taking into account its 
sign. In the example, —27.186 is the A term, and this is laid 
off on the y axis in a downward direction from the origin. The 
B term is laid off on the x axis also taking into account its sign. 
In t! example, 20.929 is the B term, and this is laid off on the x 
axis to the right. The resultant, which is the value of the 
fund mental amplitude at the outer surface is therefore 
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0 


fundameotal 
outer surface 


= | 27.186" +- 20.929 — 34.30 


and the timing is the angular distance from the positive y axis 


measured in a clockwise direction, or 


27.186 
90 deg + arc tan —— 
20.929 


Expressed in hours, this is 9 hr 30 min, and is the time it takes 


142 deg 26 min. 


the crest of the fundamental wave to travel from zero time to 
the time of maximum crest at the outer surface. This is found 


by dividing the angular distance by 15 deg, the number of 


degrees in one hour of the fundamental. 

13. The value of the first harmonic amplitude at the outer 
surface is next determined, as is also the time in hours that its 
crest is distant from zero time. These are found by vector analy- 
sis exactly as were those of the previous determination. As 
shown in B of 
of the wave form at the outer surface C, or —4.308, is laid off on 
D, -12.900, 
in the same equation, is laid off on the x axis to the left. The 
resultant is the value of the amplitude of the first harmonic at 


Fig. 32, the constant in the Fourier equation 


the y axis in a downward direction. The constant 


the outer surface 


6 V 4.308? + 12.900? — 13.60 


first harmonic 
outer surfece 


Again, the timing is the angular distance from the y axis meas 

ured in a clockwise direction, or 
12.900 

180 deg + arc tan = 251 deg 32 min 

4.308 

Expressed in hours, it takes the crest of the first harmonic 8 hr 

23 min, to travel from zero time to the time of maximum crest 

at the outer surface, since for the harmonic, there are 30 deg 

in one hour. 

14. From the value of f and the curves in Fig 27, FR is deter- 
mined to be 0.560 for the fundamental and 0.740 for the first 
harmonic wave. 

15. From the value of 8] and the curves in Fig. 28, e -8 is 
determined to be 0.241 for the fundamental and 0.137 for the 
first harmonic wave. 

16. The value of the amplitude of the fundamental at the inner 
surface is determined from the multiplication of the amplitude 
of the fundamental at the outer surface by the factors R and e -#! 
In the example, 


= 34.30 « 0.560 « 0.241 - 


for the fundamental. 
4.629 


@ fundamental 
inner surface 





17. The value of the amplitude of the first harmonic at the 
inner surface is determined from the multiplication of the ampli- 
tude of the first harmonic at the outer surface by the factors 
R and e “6! for the first harmonic. In the example, 


= 13.60 « 0.740 & 0.137 = 1.379. 


0 first narmonic 
inner surface 


18. Next, the uncorrected time in hours and minutes it takes 
the crest of the fundamental wave to travel through the panel 
On the fundamental curve in Fig. 29, the time 
is read from the value of Bl to be 5 hr this 
is subtracted the corrective time, 2 hr 12 min read from f on the 
fundamental curve in Fig. 30. This 3 hr 13 min 
time it takes the crest of the fundamental wave to pass through 


is determined. 
25 min. From 
is the true 


the finite wall. 

19. The uncorrected time in hours and minutes it takes the 
crest of the first harmonic wave to travel through the panel is 
On the first harmonic curve in Fig. 29, the time 
From this is 


determined. 
is read from the value of 8/ to be 3 hr 50 min. 
subtracted the corrective time, 59 min, read from f on the first 
harmonic curve in Fig. 30. This 2 hr 51 min is the true time it 
takes the crest of the first harmonic wave to pass from the outside 
to the inside of the finite wall. 

20. The 
from twelve midnight of the night previous is determined by 


time the crest of the fundamental wave is distant 
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adding together the time from midnight to zero time, the time 
from zero time to the time of maximum crest of the funda- 
mental, and the corrected time it takes the wave to pass through 
This is done in the example: 

4hr 00 min 


Qhr 30 min 
3 hr 13 min 


the wall. 








16 hr 43 min 
Therefore, at 4:43 p. m. there is a crest of the fundamental at 
the inner surface. 

21. The time the crest of the first harmonic wave is distant 
from twelve midnight of the night previous is determined by 
adding together the time from midnight to zero time, the time 
from zero time to the time of maximum crest of the first har- 
monic, and the corrected time it take the first harmonic to pass 


through the wall. This is done in the example: 





4hr 00 min 
8 hr 23 min 
2hr 51 min 
15 hr 14 min 


Therefore, at 3:14 p. m. there is a crest of the first harmonic 
at the inner surface. 

22. For ease of computation, it is desirable to determine, 
from the time of the crest of the fundamental wave at the inner 
surface, when the timing angle of the fundamental wave will 
be equal to zero degrees. To obtain this time, it is only neces- 
sary to subtract six hours from the time of the crest—the 
equivalent of subtracting 90 deg from the timing angle. Since 
15 deg are equal to one hour for the fundamental wave, the 
angle of the fundamental at each hour of the day is easily found 
by interpolation. In the example: 

4:43 p. m. -6 hr = 10:43 a. m. at zero angle. 
At 11:00 a. m., the angle of the fundamental 
17 « 15 
—— = 4 deg 15 min 
60 

23. In a manner similar to that described, three hours are 

subtracted from the time of the crest of the first harmonic wave 
at the inner surface to obtain the time when the timing angle 
of the first harmonic wave will be equal to zero degrees. Since 
30 deg are equal to one hour for the first harmonic wave, the 
angle of the first harmonic at each hour of the day is easily 
found by interpolation. In the example: 
3:14 p. m. -3 hr = 12:14 p. m. at zero angle. 
At 1:00 p. m., the angle of the first harmonic 
46 x 30 

— = 23 deg 0 min 

60 

24. The average integrated temperature at the inner surface 
over the twenty-four hour period is determined in the English 
system of units 


(T,-T;) k 
- - (T,- 73) hy (17) 
l 
where 
7, = average integrated outer surface temperature 
I’, = inside surface temperature 


7, = inside air temperature 


In the example: 


87.14-T, 

- (T,-69.6) 1.9 
4.188 
(T, = 722F.) 


25. The steady heat flow through the inner surface is easily 
determined from the film transmittance coefficient. 

Btu per square foot per hour = (7,-T7,) hy 

and in the example is equal to (72.30-69.6) 1 


(18) 
= 5.13 Btu 

is filled out 
The angles of the fundamental waves 
a and first harmonic waves d are spaced out, keeping in mind 
that 15 deg is the equivalent of one hour for the fundamental 


9 
26. The vector analysis form chart, Table 7, 


for the two term analysis. 





Se 
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wave and 30 deg is the equivalent of one hour for the first 
harmonic wave. The corresponding sines b and e are multiplied 


by @ fundamental or 4.629, and @ firstharmonie or 1.379, as shown 
inner surface inner surface 


in c and f respectively. 

27. The items, c and f, are algebraically added to obtain the 
resulting temperature at the inner surface above and below the 
average surface temperature as shown in g. 

Multiplying these values by the film transmittance coefficient, 
hi, gives the amplitude of the heat flow wave in j, and the value 
of the steady heat flow added to this wave flow results in the 
calculated heat flow for the wall in k. This calculated curve 
is sketched in Fig. 31 as the broken line curve, HJKLM, which 
checks the solid line observed heat flow curve HJKLM. 


The foregoing analysis has been applied to a number 
of tests made on the panels studied. The inner surface 
heat flow curves marked calculated in Figs. 13 to 23 
show how closely the results of the application of the 
mathematical study fit the measured heat flows through 
the inner surfaces of the panels. 

The calculated heat flow through the lower surface of 
the pine panel, Fig. 13, fits the observed heat flow almost 
perfectly in regard to both the amplitude and the time of 
the crest of the wave. There is usually a small break in 
the calculated curves at 4 a.m., when the arbitrarily 
chosen, or zero time, begins and ends the daily cycle. 
The average integrated temperatures of the outer sur- 
face for two consecutive days were never quite the same, 
and since each 24-hour period was calculated as a unit, 
the adjacent ends of the calculated curves do not abut. 


The check between the calculated and observed heat 
flows through the inner surface of the 6-in. concrete 
panel, Fig. 14, is not quite as perfect, but considering 
the greater thickness, conductivity, and heat capacity of 
this panel, the check is satisfactory. The 4-in. gypsum 
panel, Fig. 17, gives as close a check as could be desired. 
The data for September 8 were included for the special 
purpose of showing the application of the mathematical 
solution to a day which was far from perfect, and for 
which the top surface temperature curve deviated greatly 
from the general type. This day was intermittently and 
rather densely cloudy from 10 a.m. until 3 p.m. The top 
surface temperature curve is similar in shape to the ob- 
served heat flow curve, and the Fourier analysis of the 
temperature curve gives a calculated heat flow curve 
which fits the observed heat flow curve very well. 

The checks between the calculated and observed heat 
flows through the inner surface of the cork-concrete and 
concrete-cork panels, Figs. 18 and 19, are not as per- 
fect as for the pine and gypsum. The calculated curve 
for the cork-concrete panel shows about the same ampli- 
tude as that for the observed, but its crest is shown to 
pass through the lower surface about 1% hours later. 
The calculated curve for this panel, when the concrete 
was up, shows a lower amplitude than the observed curve, 
and lags approximately 3% hours behind it. The ap- 
plication of the Fourier analysis to the cork-concrete 
and concrete-cork panels involves the use of the aver- 
age conductivity, density, and specific heat of the com- 
pound panel, so it obviously should not rigorously apply. 
The curves of Figs. 18 and 19 indicate that the check 
between observed and calculated heat flow is fair when 
the insulation is on the outer surface, but unsatisfactory 
when the insulation is on the inside. These tests '- 
dicate that for compound walls, where the physical prop- 
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erties of the component parts differ widely, an adapta- 
tion of the Fourier analysis method which considers each 
component part separately is desirable. 

The calculated heat flow does not fit the observed heat 
flow perfectly for the lower surface of the laminated 
2-in. and 4-in. iron-cork panels, Figs. 20 and 21. No 
doubt, this is due in part to the fact that these panels 
had very high heat capacity. It was also more difficult 
to evaluate accurately the density and specific heat of 
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the cork laminations which were gasket cork and not the 
variety of cork board used extensively for insulation. 
Another difficult factor to determine for these panels was 
the contact resistance between laminations. While the 
laminations were held firmly together by the weight of 
the iron for the 4-in. and 8-in. panels, and by bolts out- 
side the center 2-ft square test section for the 2-in. panel, 
no doubt air films were figured in as cork when cal- 
culating density and specific heat. The effect that large 
air spaces would have on a wall is also a problem with a 
much more difficult solution. 

To give additional information on the error introduced 
by averaging the physical properties of a compound wall, 
a few days’ data were analyzed from the curve for the 
top surface temperature in contact with the outside air 
and the curve for the temperature under the upper heat 
flow meter. The results of this study are shown in Figs. 
22 and 23 for pine and concrete. There was little dif- 
ference in temperature between the top surface and the 
surface under the meter for the pine panel, and conse- 
quently little difference between the calculated heat flow 
through the lower surface resulting from these two 
calculations. The curve calculated from the upper sur- 
face temperature is not drawn as it falls practically on 
the curve calculated from the temperature under the 
meter. Curves for concrete, resulting from both cal- 
culations, are drawn in Fig. 23. In this case, there is 
considerable difference in temperature between the top 
surface and the surface under the meter. However, the 
curves for heat flow as calculated from these two tem- 
perature curves check very accurately. The check of 
the two calculations for gypsum was approximately the 
same as that for pine and is not shown. Figs. 22 and 23 
also include the Fourier analysis curves for the upper 
surface temperature, curves for the outer air tempera- 
ture in the shade, and curves of the observed inner sur- 
face temperature. It interest to note that the 
temperature of the outside air, observed at a level 12 in. 
above but in the shade at one side of the top surface of 
the panel, is considerably below the temperature of the 
top surface. 


is of 


Empirical Solution of Heat Flow Using Limited Data 


The rigid mathematical solution of the periodic heat 
flow problem requires rather laborious and extensive 
computations to be made on the outside surface tempera- 
ture curve. It was desirable to decrease the amount of 
data required for the solution, as well as the labor of 
making the solution. The similarity of all the top sur- 
face temperature curves for the roof panels as drawn in 
Figs. 13 to 23, suggested the possibility of setting up a 
Fourier series directly from the temperature range be- 
tween the crest and trough, or the maximum and mini- 
mum temperatures, of a given surface for the 24-hour 
period. 

Six outside surface temperature curves for as many 
different roof panels on two different days are all plotted 
in Fig. 33. The time of the crest of each curve is 
plotted as zero time, and the average integrated tempera- 
ture for the 24-hour period as zero temperature. The 
superimposed curves give a somewhat consistent series, 
the characteristics of which are rather accurate func- 
tions of the amplitude or temperature range. It should 
follow that the constants in the equation resulting from a 
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Fourier analysis of these curves should be approximate 

functions of the range. The Fourier equation is 

—A cosa + B sina + C cos 2a + D sin 2a4+ ++ 
(19) 


308 


6 outer 
surface 
where 

A, B, C, D are constants to be determined, and a is 
the timing angle. 

Plotting the six values of each of the constants, 4, B, 

C, and D, as found by analysis of the six curves, Fig. 

33, against the range for the respective curves, the points 

fall fairly close to the curves for these constants in Fig. 

34; and hence, to the same degree of accuracy, the con- 

stants, for any equation for any day or any roof, with- 

in the limits of those included in Fig. 33 may be taken 
from these curves. 

Likewise, the average integrated temperature of the 
top surface for a 24-hour period may be found by sub- 
tracting the temperature difference for the proper range 
in Fig. 35 from the mean between the maximum and 
minimum of the outside surface temperatures for the 
day. In Fig. 24, the use of the empirical method for a 
determination of an approximation of the Fourier series 
is illustrated for the 2-in. pine panel on July 28. The 
crest temperature is 147.3 F, the trough temperature is 
59.8 F, the range is 87.5 F, and the average between 
the crest and trough is 103.6 F. From Fig. 34, the 
values of the constants A, B, C, and PD are therefore: 

- 37.70, + 19.4, + 3.5, and — 13.8 respectively. From 
Fig. 35, the difference between the mean of the maxi- 
mum and minimum temperatures and the average in- 
tegrated temperature is found to be 7.8 F; and the 
average integrated temperature is 103.6 — 7.8 = 95.6 
F. The equation for the top surface temperature is 
19.4 sin a + 3.5 cos 2a -13.8 sin 2a +4 


@ outer 37.7 cos a } 


After this temperature equation has been determined, a 
solution of the heat flow is obtained by continuing, from 
Item 7 of the mathematical solution. 

The calculated heat flow through the inner surface, 
based upon the empirical method, is shown in Figs. 24, 
25, and 26 for the pine, concrete, and gypsum panels. 
These solutions are very satisfactory, and indicate that 
the method is adaptable for any roof panel within the 
range of those considered in Fig. 33. 


Applications to Other Than Horizontal Roofs of 
Simple Homogeneous Construction 


The data collected and analyzed are for horizontal 
surfaces only. However, since the primary data con- 
sidered the outside surface temperature, the methods of 
calculation presented will apply equally well to structures 
in any position, as long as the analysis is made of outside 
surface temperatures. 

The curves in Fig. 36 give, 
the direction of the sun’s rays and either a horizontal 
surface, an east, a south, or a west wall; and, second, the 


first, the angles between 


azimuth angle, or the angle between the direction of the 
sun’s rays and the north. The angles were calculated 
from data obtained from the American [phemeris and 
Nautical Almanac. 

The intensity of solar radiation perpendicular to the 
direction of the sun’s rays as observed by the Labora- 


tory pyrheliometer is given in Fig. 37, which represents 
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Section 


the maximum intensity of solar radiation observed at 
the A. S. H. V. E. Laboratory during the three years’ 
study of the subject, and was actually observed on 
September 7, 1931. In making up the similar curves for 
July 1 and August 1, in Figs. 38 and 39, the same in- 
tensity curve was used by broadening it out for the 
longer period of sunshine on these days. These curves, 
therefore, give the maximum solar radiation which may 
be expected for these months on very clear days with 
perfect sunshine. 39 also show the in- 
tensity of solar radiation on a horizontal surface, and 
on vertical surfaces facing east, south, and west for sun 
time at Pittsburgh, 40 deg latitude and 80 deg longitude. 
The intensities on surfaces other than those perpendic- 
ular to the sun’s rays were calculated from the formula 
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Figs. 37 to 


Ho = Hy sing (20) 
where 

Hg = the intensity of radiation in Btu per hour per square 
foot on the surface whose angle with the direction of the sun’s 
rays 1s ?. 

H, = the intensity of radiation normal to the direction of the 
sun’s rays, or that observed by the pyrheliometer. 

It will be noted that the intensity of radiation on any 
surface not normal to the sun’s rays varies with the 
month. It should be emphasized that the curves in Figs. 
36 to 39, other than those showing the intensity of solar 
radiation for a surface normal to the sun’s rays, will vary 
with the latitude, and if standard time is used, they will 


also vary by = one-half hour, with longitude east and west 
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of the center of the Standard Time Belt. Similar data, 
collected on the Laboratory recording pyrheliometer, 
given in Figs. 15 and 16, indicate the variation in solar 
intensity from day to day. 

The circle points in Fig. 37 were taken from the chart 
of the recording pyrheliometer of the U. S. Weather 
Bureau as observed on September 7, 1931, at the Pitts- 
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burgh Weather Station, approximately five miles from 
the A. S. H. V. E. Laboratory. The Weather Bureau 
instrument is unlike either the Smithsonian silver disk 
instrument the Laboratory instrument, because it 
records the intensity of solar radiation on a horizontal 
Hence, the points from the Weather Bureau 
record correspond to the curve calculated from the 


or 


surface. 
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Laboratory pyrheliometer for a horizontal surface, which 
curve they fit almost exactly. This is an interesting 
check for two instruments of widely different design, 
calibrated entirely independently, and located at sta- 
tions five miles apart in a city. 

The main object of the study being to obtain data for 
typical hot summer days, favorable weather conditions 
had to be anticipated by careful interpretation of 
Weather Bureau reports; a very light haze, or a few 
scattered clouds would make a test erratic. Many data 
were obtained which had to be discarded because, after 
several hours of good weather, clouds blanketed the sun, 
or a thunderstorm suddenly came up and wet the sur- 
faces. 

An attempt was made to choose test panels which 
would cover a wide range of typical building con- 
struction, and which could be used in the application of 
the theory. Panels used were either homogeneous or 
constructed of two homogeneous materials. It was de- 
cided not to confuse the work with complex types of 
materials involving air spaces and non-homogeneous 
materials which would require a more complicated mathe- 
matical solution. The study could well be continued on 
such complex materials, which would require considera- 
tion of confusing factors such as convection currents 
and additional film resistance coefficients. The deter- 
mination of proper physical constants for such calcula- 
tions would be very difficult, and many disappointing 
results should be anticipated. The method given in this 
paper will give a satisfactory solution for such complex 
structures if physical constants which will fit the condi- 
tions can be assumed for the non-homogeneous panel. 

It should be emphasized that the Laboratory’s work 
dealt with roofs and walls without giving consideration 
to window spaces. Earlier Laboratory tests* have shown 
that on July 1 ordinary single-strength window glass re- 
duces the sun’s intensity by about ten per cent, and 
allows ninety per cent to pass through and become ef- 
fective as heat in the interior of the room. The data 
in Fig. 7 show that a glass surface normal to the sun 
allows about 275 Btu per square foot per hour to pass 
through it. Accepting this value, calculation shows that 


*See Bibliography, d 
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a horizontal glass window would allow 260 Btu to pass 
through it, and that an east and west vertical window 
would pass 196 Btu, and a south vertical window, 81 
Btu. Studies of the effects had by window shades of 
different reflecting powers placed inside or outside the 
glass would be of interest and possible value. 


The color of the surface is important. As has been 
pointed out in an earlier Laboratory report,® a dead 
black body which will absorb approximately 100 per cent 
of the solar radiation will absorb only 70 per cent when 
covered with a type of red paint, and only 30 per cent 
when aluminum paint is used. This point is worthy of 
further consideration as a possible means of reducing 
heat absorption. 


The application of the commonly accepted surface re 
sistance coefficients to the calculation of heat flow is not 
satisfactory when the sun shines on the outer surface of 
a wall. As shown in the data, the air temperatures in 
the shade may be so much lower than the surface tem- 
peratures on a hot sunny day because of solar radiation 
that the heat flow would actually be positive, although 
the surface coefficients as ordinarily used might indicate 
a negative heat flow. 
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Chemical Composition of Coal 


The question of the chemical composition of coal is 
of both scientific and practical interest. A knowledge 
of the chemical constituents in coal would help in deter- 
mining its origin and aid in its more efficient utiliza- 
tion, points out the United States Bureau of Mines, 
Department of Commerce. 

The class of compounds which make up the major 
part of coal is known as the humins. These compounds 
are considered to be the degradation products of lignin 
They are complex organic sub- 
stances of high molecular weight whose structure is 
little known. However, it is usually assumed that they 
contain a large number of benzine nuclei linked to- 
gether in various ways. Recent evidence obtained in the 
Coal Constitution Laboratory at the Pittsburgh Ex- 
periment Station of the Bureau of Mines, while not con- 


or cellulose, or both. 





clusive, does not bear this out. It appears that most of 
the nuclei are probably of a heterocyclic nature con- 
taining oxygen as well as carbon. 

Work in this laboratory with these humic compounds 
has emphasized the fact that their colloidal nature must 
be constantly kept in mind when interpreting their re- 
actions. As negatively charged lyophilic colloids, they 
readily absorb positive ions, and in so doing undergo 
changes which may appear to be chemical while they are 
only physical. 

It is known that drying of humic compounds greatly 
reduces their reactivity. This is generally attributed to 
polymerization or intramolecular condensation of some 
kind. It seems probable from evidence obtained that 
much of this inactivation is simply due to irrevers ble 
coagulation of these colloidal substances. 
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SKYLINE OF MILWAUKEE, WIs. 


Milwaukee Invites You 


ROM June 27 to 29, members of the Society will assem- 
ble in Milwaukee, Wis., at the Hotel Pfister, for the 
Semi-Annual Meeting, 1932, where they will be the 
guests of the Wisconsin Chapter of the A. S. H. V. E. 
John S. Jung is General Chairman of Arrangements and 
he will be assisted by the following committee chairmen: 
Advisory, H. W. Ellis; Reception and Registration, G. L. Lar- 
son; Transportation, A. M. Wagner; Finance, V. A. Berg- 
Entertainment, H. F. Haupt; Golf, E. A. Jones; 
G. Weimer; Publicity, Ernest Szekely; Ladies’ 
Randolph and Mrs. E. A. Jones, 


hoefer; 
Banquet, IF. 
Entertainment, C. H. 


Hostess. 


It is planned to hold Technical Sessions from 9:30 to 12:30 
After 
the sessions, members will have an opportunity to play golf 
and take part in other forms of recreation which have been 


each morning in the ballroom of the Hotel Pfister. 


A Council Meeting has 
and the Semi-Annual 


planned by the Milwaukee members. 
been scheduled for Monday night 
Banquet and Dance will be held on Tuesday evening, June 28. 

It is expected that some very interesting papers will be 
presented and reports will be made by the special and tech- 
nical committees of the Society, including the Committee on 
Ventilation Standards, on the progress which they have made 
since the January meeting in Cleveland. 

In the very near future a letter of invitation from the Wis- 
consin Chapter will be received by members of the Society 
and this will be followed by a circular describing the City 
of Milwaukee, a program, railroad certificate, and hotel 
reservation card, 

Milwaukee, in years gone by, was an Indian village famed 
one of the 


for its climate and natural scenery. It is now 


leading industrial centers of the country, but still retains 


many of its early attractions and a great deal of natural 
beauty. Its park and boulevard systems are a source of 
pride among its own citizens and are always admired by 
visitors. Lake 
offered for bathing and yachting. 


courses are conveniently located and readily accessible. 


Michigan, an opportunity is 


Public and private golf 


Situated on 


Milwaukee is the gateway to the famous Land O’ Lakes 
district in Wisconsin. In this region one sparkling lake after 


another greets the tourist who motors through mile after 
mile of virgin timberlands. Unique camps scattered through- 
out the state of Wisconsin afford fishing, hunting and other 
outdoor sports, while palatial resorts on shores of Wis- 
consin lakes offer comfort and luxury to their guests. Thus 
Milwaukee is an ideal starting point for a summer vaca- 
tion. 

The members of the Wisconsin Chapter are looking for- 
ward to a large attendance and are working up an at- 
tractive program for the visiting members. 


New Prister Hore 
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Case Conference 
on Air Conditioning 


EVERAL hundred industrialists and 
students from 12 states and 2 Canadian provinces partic- 
ipated in the Conference on Air Conditioning, held at the 

Case School of Applied Science, Cleveland, Ohio, March 17-19, 

1932. The conference of six sessions started Thursday afternoon 

under the chairmanship of Prof. F. H. Vose, head of the Mech- 


Department of Case School, who outlined 


scientists, engineers, 


anical Engineering 
the purpose of the industrial conferences sponsored by the in- 
stitution. 

During the afternoon three technical papers were given. T. A. 
Weager, Cleveland District Manager for Buffalo Forge Co., 
presented a paper, entitled, The Use of Psychrometric Charts, 
in which he pointed out that there was hardly a product of manu- 
facture which could not be advantageously produced in an air- 
conditioned atmosphere. He also explained the importance of air 
conditioning in the health and comfort of workers. 

The subject of Automatic Regulation in Air Conditioning was 
presented by M. F. Rather, Cleveland Manager for Johnson 
Service Co., who described installations at Severance Hall and 
in a Cleveland department store, where air conditioning equip- 
ment is an important part of the mechanical equipment. The 
likelihood of using the Reversed Refrigeration Cycle for Summer 
and Winter Air Conditioning was the subject of a talk by R. E. 
Keyes, chief engineer of Cooling and Air Conditioning Corp. 
He described in detail the commercial application in a California 
office building. 

On Thursday evening, with Dudley H. Scott, chief engineer 
of the Humphrey Co., Cleveland, acting as chairman, four papers 
were presented. Space Cooling with Ice was the subject of 
W. A. Schmid, research engineer for the City Ice and Fuel Co., 
Cincinnati, Ohio. The importance of cooling as a merchandising 
factor was discussed in the paper, Cooling for Profit, by M. K. 
Arenberg, manager of Ilg Electric Ventilating Co. 
He described the places where air cooling had proved advantage- 


Chicago 


ous in increasing the volume of business and predicted an in- 
creasing field of applications. 

R. E. Hellmund, chief electrical engineer, Westinghouse Elec- 
tric and Manufacturing Co., presented a paper, entitled, Problems 
of Power Supply for Air Conditioning, and S. B. Heath, develop- 
ment engineer for the Dow Chemical Co., discussed the subject, 
Dehumidification with Calcium Chloride. 

The third session of the conference on Friday, March 18, was 
Harding, of Wilbur Watson and Asso- 
ciates, Cleveland, who introduced the first speaker, Dr. E. Vernon 
Hill, editor of The Aecrologist, who described Standards of Air 
Quality, pointing out that the basis of all air conditioning for 


in charge of Ralph L. 


comfort was the data developed at the Research Laboratory of 


the AmerIcAN Society oF HEATING AND VENTILATING ENGI- 


NEERS in co-operation with the U. S. Bureau of Mines and the 
U. S. Public Health He also described some experi- 
ments sponsored by the Society at Harvard School of Public 


Health with relation to the comfort zone for summer and winter. 


Service. 


Natural Air Movements and Their Effect on Air Conditioning 
was the subject of a paper by G. L. Larson, head of the Depart- 
ment of Mechanical Engineering, University of Wisconsin, who 
explained the influence of the movement of large volumes of air 
and the effect of air leakage and workmanship in building con- 
struction on the operation of air conditioning systems. 

VW inter Air Conditioning and Human Comfort was discussed by 
F. ©, Houghten, director of the Research Laboratory of the 
Am xicaAn Society or HEATING AND VENTILATING ENGINEERS, 
wh: summarized the results of many years investigations at the 
Soc. ty’s. laboratory in Pittsburgh at the U. S. Bureau of Mines, 
Whe e studies have been made of the physiological reactions of 
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human beings to various conditions of temperature, humidity and 


air movement. 

Heat and Power Load Curves as Affected by Air Conditioning 
was the title of a paper given by J. H. Walker, superintendent of 
central heating, The Detroit Edison Co., who gave data on the 
operation of fully air-conditioned buildings using central heating 
in winter and cooling in the summer months, 

At 2:30 on Friday afternoon, A. G. Trumbull, chief mechan 
ical engineer of the C. & O., Pere Marquette, Erie and Nickel 
Plate Railroads, opened the meeting and introduced W. H. Dris 
coll, vice-president of Thompson-Starrett Co., who presented a 
paper on the Economics of Air Conditioning in Large Buildings. 

The Air Conditioning of Railway Trains, by W. H. Carrier 
and R. W. Waterfill, was presented by Mr. Carrier, chairman of 
the board of the Carrier Corp., who described the several appli 
cations of air conditioning systems to railway cars and told of 
the experimental work carried on to meet the severe require 
ments of railway installation and operation. 

Year ‘Round Air Conditioning with the Individual Unit was 
discussed by W. D. Jordan, president of Air Control Systems. 

On Friday evening an open meeting for members of Cleveland 
engineering societies was held at John Hay High School, with 
O. C. Sabin, president of the Cleveland Engineering Society, 
acting as chairman. 

The first speaker was Dr. W. E. Wickenden, president of the 
Case School of Applied Science, who gave a splendid address, 
entitled, Cooperation Between the Engineering College and Its 
Graduates. 

Atmospheric Pollution, Its. Measurement and Control was 
given by H. B. Meller, chief of Bureau of Smoke Regulation, 
Pittsburgh, who said that for every million tons of bituminous 
coal burned in the City of Cleveland, 30,000 tons of soot, ash and 
tarry particles were thrown into the atmosphere. He pointed out 
that control of air pollution from smoke stacks must include not 
only elimination of visible smoke, but separation of other ele- 
ments before discharge to the atmosphere. 

The Importance of Air Conditioning in the Homes of America 
was explained by Prof. F. B. Rowley, president of the AMERICAN 
Society OF HEATING AND VENTILATING ENGINEERS and director 
of the Experimental Engineering Laboratories at the University 
of Minnesota, in his paper Air Conditioning for the Home. 

Charting Human Comfort was given in a series of pictures, 


showing how the zone of comfort was determined by a long 
series of experiments at the Research Laboratory of the AMER 
ICAN Society OF HEATING AND VENTILATING 
operation with the U. S. Bureau of Mines and the U. S. 
Health Service. This presentation was given by F. 
director of the Research Laboratory of the A.S.H. V.E. 


ENGINEERS in co 
Public 


C. Houghten, 


The concluding session of the Conference on Air Conditioning 
opened at 10:00 o’clock, Saturday morning, with F. B. Rowley, 
president of the AMerICAN Society oF HEATING AND VENTILAT 
ING ENGINEERS, as chairman. 

H. C. Murphy, vice-president of American Air Filter Co. and 
chairman of the Technical Advisory Committee on Air Cleaning 
of the A.S.H.V.E., presented a paper, entitled, Atmospheric 
Dust and Air Cleaning Devices. A series of slides showed various 
types of dust and devices for measuring and eliminating dust in 
ventilating and air conditioning work. The speaker also listed 
the cities which have made improvement in atmospheric condi- 
tions by elimination of smoke and dust. 

The Requirements for the Successful Unit Conditioner were 
described by R. E. Robillard, of Frigidaire Corp. This paper told 
of the developments in designing conditioning units for home and 
room installations. 

F. Paul Anderson, dean of Engineering of the University of 
Kentucky, discussed The Human Power Plant. Dean Anderson 
compared the human body to the power plant and told how the 


various functions were comparable. 






























Problems of the School and Public Building was the title of a 


Samuel R. 


paper contributed by Lewis, consulting engineer of 
Chicago, and presented by his son Edward Lewis. 

The Gas Industry's Position in Relation to Air Conditioning 
was given by E. D. Milener, Industrial Research Representative 
of the American Gas Association. 

In connection with these presentations, a large radio audience 
had the opportunity of hearing speakers over Station WTAM in 
The broadcasts were given on Thursday, Friday and 
Saturday evenings, respectively, by H. B. Meller, Pittsburgh, 
Prof. F. B. Rowley, president of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS, and Dean F. Paul Ander- 
son, Past president of the A. S.H.V. E. 


its Research Laboratory. 


Cleveland. 


and former director of 


It was notable that among the Bapers presented 16 members 
of the A. S.H. V.E. 
Pres. F. B. 


Research, F. C. 


participated in the program and included 
Rowley, Prof. G. L. Larson, chairman of the Com- 
mittee on Houghten, director of the Research 
Laboratory, five past presidents, and several other members, who 
have been active in the Society. 

The Engineering Buildings 
School of Applied Science were open for inspection and a number 


and Laboratories of the Case 
of manufacturers of air conditioning equipment had their products 
on display. A. O. Willey was in charge of exhibits and arrange- 
ment of the sessions was under the direction of Prof. G. L. Tuve, 
of Case School of Applied Science, and Dudley H. Scott, of the 


Cleveland Engineering Society. 


WB April Itinerary of President Rowley 


Officers of the 
meeting of the 


April will be an active month for Society 
according to present plans with a 
mittee on Research scheduled for April 8 in Pittsburgh, fol- 


lowed by a meeting of the Council in the same city April 9. 


Com- 


An official visit to the Pittsburgh Chapter will be made by 
Pres. F. B. Rowley on Monday, April 11, and on Tuesday, 
April 12, he will be with the members of the Western New 
York Chapter in Buffalo. The 
tain President Rowley at Toronto Wednesday, April 13, and 
on the 14th and 15th he will visit the Michigan Chapters in 
The Wisconsin members will be 


Toronto members will enter- 


Detroit and Grand Rapids. 
his hosts on Monday, April 18. 

During the month of March President Rowley and Secre- 
tary A. V. Hutchinson made visits to the Illinois Chapter in 
Chicago March 14, Kansas City Chapter on March 15, and 
the St. Louis Chapter March 16. 
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STANDING (Lert TO RIGHT) 

J. H. Walker, Member, A. S. H. V. 
E. Committee on Research; G. L. 
Larson, Chairman, A. S. H. V. E. 
Comm: ttee on Research; F. C. Hough- 
ten, Director, A. S. H. V. E. Research 
Laboratory; A. V. Hutchinson, Secre- 
tary, A. S. H. V. E.; Ralph L. Har- 
ding; G. L. Tuve, Case School of Ap- 
plied Science. 

Seatep (Lert to Ricur) 

F. H. Vose, Professor of Mechani- 
cal Engineering, Case School; E. D. 
Milener, American Gas Association; 
Dr. W. E. Wickenden, President, Case 
School of Applied Science; W. H. 
Carrier, Past- President, A. S. H. V. 
E.; F. B. Rowley, President, A. S. H 
V. E.; E. Vernon Hill, Past-Presi- 
dent, A. S. H. V. E. 


The 


March 


Cincinnati 
17, at the 
President 


members of the Society held a luncheon 
Cincinnati Club of Cincinnati, Ohio, for 
Friday March 18, the 
Cleveland Chapter held a dinner at Fenway Hall, Cleveland, 


Rowley and on evening, 
in honor of his visit to the Conference on Air Conditioning 
at the Case School of Applied Science. 


Publish Standards for Pipe Flanges 
and Fittings 


The American Standards Association announces the publica 
tion by the American Society of Mechanical Engineers of the 
Standard for Cast-Iron 
Fittings for 
of 800 Ib per sq in. 


American Pipe Flanges and Flanged 


maximum non-shock working hydraulic pressure 


The 
standard was prepared by the committee on Pipe Flanges and 


(gage) at ordinary air temperatures. 


Fittings under the sponsorship of the American Society of 
Mechanical Engineers, the Heating and Piping Contractors Na- 
tional Association, and the Manufacturers Standardization Society 


of the Valve and Fittings Industry. 


Oil Burner Meeting and Show 


The program for the meeting of the American Oil Burner As- 
sociation to be held in Boston, April 11-16, has scheduled a great 
many subjects for discussion which will be of interest to men 
engaged in oil heating work, whether they follow engineering 
or merchandising. An attractive show will be held at Mechanics 
Hall and visitors will have an opportunity of learning about the 
results of cooperative research sponsored by the AMERICAN Soc! 
AND VENTILATING ENGINEERS and the American 
Booth 32 the 


ETY OF HEATING 
Oil Burner Association at Yale University. In 
i oS ee 


in the laboratory at the U. S. 


will graphically show some of its research work 
Bureau of Mines, Pittsburgh, and 
in several cooperating institutions. 

The exhibits will open at 7:30 p. m., Monday, April 11, and 
daily thereafter from 1:30 to 10:00 p. m. 


N. D. H. A. Proceedings 


The 1931 Proceedings of the National District Heating As 
ciation has been issued to members. It covers the transactws 
of the 22nd 1931, and 


complete technical papers and discussions, reports of officers «4d 


Annual Meeting in June, includes‘! 


committees as well as a comprehensive index. 


















Local Chapter Reports 





Kansas City 


February 8, 1932. Twenty members and guests of the Kansas 
City Chapter held a meeting at the Ambassador Hotel, which 
was called to order by Pres. J. M. Arthur. 

The unemployment situation among heating and _ ventilating 
engineers was discussed and Vice-President W. A. Russell was 
appointed to head a committee to work in conjunction with other 
Engineering Societies in the determination of suitable relief. 

A committee was appointed to arrange to have the Chapter 
take a table at the dinner dance and represent Kansas City 
Engineers at the Washington Day celebration. 

A letter from Herman Henrici was read, in 
pressed regret at having been unable to attend chapter meetings 
for some time on account of his health. 

Considerable time was devoted to a discussion of membership 
both in the Chapter and national Society and to chapter rela- 
tions. E. K. Campbell, Carl Clegg, N. W. Downes and Mr. 
Russell were appointed to thoroughly analyze the matter of 


which he ex- 


membership and dues and make a suitable report. 

The civic feature of the evening was a presentation by Mr. 
Charno, a local attorney, of the Value of the Boy Scout Or- 
ganization to Society and to the Country. Mr. Charno brought 
a clear, forceful message, showing the necessity of a character 
building institution of this kind to offset the lawlessness and 
disintegration of today. 

Mr. Campbell made a report on the Annual Meeting of the 
Society in Cleveland, discussing in particular the Report of 
the Committee on Ventilation Standards. 

L. E. Evans, of the General Electric Co., was the principal 
speaker of the evening. He gave a most interesting paper cov- 
ering phases of the application of electricity to the heating and 
ventilating generation, distribution, and 
utilization of electric followed on the 
advantages and limitations of different types of equipment and 
methods of application. The members of the Chapter felt that 
they were very fortunate in having Mr. Evans present to give 
them such a fine talk and lead the discussion so ably. 


industries, including 


power. A _ discussion 


Western Michigan 


February 8, 1932. 
the organization of the Chapter was held in the English Room 


One of the most interesting meetings since 


of the Rowe Hotel, Grand Rapids, with 32 members and guests 
present. 

After dinner, the regular order of the meeting was changed to 
permit Corp. Ray Sullivan, of the Michigan State Police Dept., 
East Lansing, to give a short but interesting talk on Crime and 
Methods of Combating It. The Chapter hopes to have similar 
talks on non-technical subjects at future meetings. 

Pres. O. D. Marshall then called the business meeting to 
order and, after reports by several committees, he gave a short 
resumé of his visit to Cleveland for the Annual Meeting of the 
Society. 

The meeting was then opened for presentation of papers and 
Prof. L. G. Miller, of the Engineering College, 
Michigan State College, gave a summary of the paper presented 
by C. P. Yaglou at the Annual Meeting in Cleveland, entitled, 
Changes in Ionic Content of Air in Occupied Rooms Ventilated 
by Natural and by Mechanical Methods. Professor Miller in 
his talk gave evidence that he had taken a great deal of interest 
in Mr. Yaglou’s paper and presented it to the meeting in a 
very interesting form. As a result, considerable discussion fol- 
lowe 

Pr-sident Marshall introduced Prof. H. B. Dirks, Dean of 
Eng: eering College, Michigan State College, who summarized 


discussion. 
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the paper, Application of Refrigeration to Heating and Cooling 
of Homes, which had been presented at the Annual Meeting by 
A. R. Stevenson, Jr., at a joint session with the 4. S. R. E. 
Prof. Dirks was well informed on this paper and added to the 
interest by the use of blackboard illustrations. Although the 
subject was a difficult one to present, the speaker made excel- 
lent use of his teaching experience and an interesting discussion 
period followed. 

The chapter gave a rising vote of thanks to Professor Miller 
and Dirks and that it 
enough to have them again as speakers. 


Professor hopes may he fortunate 
The meeting was adjourned at 10:00 p. m. 
A great many of the members and guests present were from 
nearby cities such as Kalamazoo, Lansing, Muskegon and Battle 


Creek, indicating that the meetings are creating interest. 


Philadelphia 


February 11, 1932. 
Chapter was held in the Auditorium of the 
Dinner was served promptly at 6:30 p. m. and at its conclusion 
Pree. 4. C. 

The 
which had been prepared by a committee appointed by 
President E. N. Sanbern and occasioned by the 
devoted member, John J. Wilson. 

The treasurer’s report was submitted and approved. 

President called upon, the 
names of the members of the various committees appointed to 


The regular meeting of the Philadelphia 
Engineers Club. 


Davidson called the meeting to order. 


read a resolution of condolence and regret, 


Past- 
death of a 


secretary 


Davidson secretary to read the 
serve during his term of office. 

The meeting was then turned over to J. H. Hucker, chairman 
of the Meetings Committee, who introduced S. K. Wolf, man 
ager of the Electrical Research Products, Inc., New York. Mr. 
Wolf gave a very interesting ‘talk on the subject of, Noise: Its 
Measurement and Abatement, and showed slides illustrating the 
equipment that has been developed and is used for the meas- 
urement, location and recording of different sounds. The subject 
was one of interest to all members. 

A rising vote of thanks was extended to Mr. Wolf and his 
talk was proclaimed one of the most interesting that has been 
presented to the Chapter for some time. 

After a general discussion, the meeting was adjourned. 


Michigan 
tn) 


February 15, 1932. S. S. Sanford, of the Detroit 
Co. was the principal speaker at the meeting of the Michigan 
Chapter held in the Detroit Society Building. 
About 50 members and guests were present. 

Mr. Sanford Pres. G. H. 
presented the paper, Field Studies of Office Building Cooling. 
Mr. Sanford the air 
floors 
He also explained several meth- 


Edison 
Engineering 


was introduced by Giguere and 


Illustrating his talk with slides, discussed 
conditioning of the first 
the Union Guardian Building. 
ods of cooling small spaces, either by unit coolers, several of 
According 


sixteen and two basements of 


which are now on the market, or by means of ice. 
to the speaker, a number of air conditioning installations will 
be made in Detroit during the coming year, in some of which 
the small cabinet units will be used and in one installation ice 
will be the medium employed. Although the use of small cabinet 
coolers is expensive at the present time, the cost will undoubt- 
edly be reduced as their use increases. One instance was 
reported where a restaurant had increased its business 25 per 
cent by the installation of a cooling system. 

E. P. Wells of the Union Guardian Building gave a brief 


description of the building operation, 
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The discussion of the paper showed a great interest in the 
subject and was participated in by Messrs. W. C. Randall, W. A. 
Rowe, J. F. McIntire, A. C. Wallich, J. R. McColl, H. E. 
Paetz, and others. 


Pittsburgh 


February 15, 1932. Pres. R. B. Stanger called the meeting 
of the Pittsburgh Chapter to order in the Grill Room of the 
Hotel Mayfair, with an attendance of 56 members and guests. 

The minutes of the January meeting were read and approved. 

President Stanger reported for F. C. McIntosh, chairman of 
the Program and Publicity Committee, who was prevented by 
illness from attending the meeting. He announced that W. H. 
Driscoll, a Past President of the Society, would address the 
chapter at the March meeting and Prof. F. B. Rowley, President 
of the A. S. H. V. E., would be the speaker at the April meeting. 

The secretary read a report prepared by the treasurer, which 
showed a bank balance of $220.93. 

E. C. Evans, chairman of the Membership Committee, stressed 
the value of the A. S. H. V. E. to men eligible for membership 
and appointed the following men to serve on his committee: 
P. A. Edwards, S. H. Harper, F. H. Hecht, G. S. McEllroy, 
H. L. Moore, L. B. Pittock, R. J. J. Tennant, and E. S. Tower. 

President Stanger presented Press C. Dowler, president of 
the Pittsburgh Chapter of the American Institute of Architects, 
who, in turn, introduced the speaker of the evening, Dr. Hubert 
C. Eicher, Director of the School Building Division of the 
Pennsylvania Department of Public Instruction. 

Dr. Eicher spoke on Local and State Problems in 
Heating and Ventilating School Buildings. He said he 
sidered misunderstanding to be chiefly responsible for the friction 
and strife which exist among engineers, architects, school and 
public officials. Dr. Eicher traced the history of Pennsylvania 
school building codes, showing how they are applied and how 
they have been changed. In 1911 a law placed all plans and 
specifications of school buildings within the jurisdiction of the 
State Board of Public Education. In 1921 this code was 
revised with the assistance of the Pittsburgh and Philadelphia 
Chapters of the A. S. H. V. E. With a few slight changes in 
1924 this revised code has served Pennsylvania admirably until 
This year a revision of the code is being 


Some 
con- 


the present time. 
prepared by nine experts in different branches and it is expected 
that a sane and rational solution will be found to the problems 
with which the engineer, architect, school and public officials, 
and school children have to cope. 

The members and guests extended a rising vote of thanks to 
Dr. Eicher in appreciation of his excellent talk. 

Prior to adjournment, it was voted that the Board of Gov- 
ernors be given authority to set the date of the March meeting 
to conform with the plans of the speaker, previously mentioned. 


Cleveland 


February 23, 1932. Thirty-seven members and guests assem- 
bled in the rooms of the Cleveland Engineering Society for a 
meeting of the Chapter, at which Pres. W. E. Stark presided. 

The following members were unanimously elected to member- 
ship in the Cleveland Chapter: C. A. Wheeler, J. N. Schweikert, 
and J. J. Hendrickson. 

T. A. Weager, general chairman of the Committee on Ar- 
rangements for the Annual Meeting of the Society, which was 
held in Cleveland in January, reported for the various commit- 
tees and read the report of the chairman of the Finance Com- 
mittee. After some discussion it was voted that this report be 
accepted. Mr. Weager also spoke of letters received from and 
comments made by various members who attended the meeting. 

A rising vote of thanks was given to Mr. Weager and his 
associates for carrying the meeting through to a_ successful 
conclusion. 

Prof. G. L. Tuve, of Case School of Applied Science, was 
introduced by President Stark and spoke of the Conference on 
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Air Conditioning to be held March 17-19 and sponsored jointl, 
by the Cleveland Engineering Society and Case School of Ap 
plied Science. 

President Stark suggested that the March meeting of th 
Chapter be in the nature of a dinner meeting to be held as 
arranged, with a number of visiting speakers as guests. Ther: 
was some discussion regarding a method of helping finance th: 
program. 

Colonel Schweikert, chairman of the Unemployment Commit 
tee, spoke of the activities of the various bodies working unde: 
his direction and requested an appropriation of $10.00, as th 
contribution of the Cleveland Chapter toward the amount r¢ 
quired for legalization of the Employment Bureau. This request 
was granted. 

The ideals of the Society were expressed and a motion was 
made by Mr. Weager and carried that collectively and indi 
vidually the Unemployment Committee would be supported by 
the members of the Society by requesting that members do no 
outside work of an engineering nature, if they were regular], 
employed. 

The speaker of the evening was R. M. Conner, Director of 
the Laboratory of the American Gas Association, whose subject 
was, What the Gas Industry Has to Offer the Heating (and 
Cooling) Engineer. Mr. Conner outlined the history of the gas 
industry, gave statistics regarding its rapid growth, and traced 
the history of house heating since its early beginning. He dis- 
cussed the history, methods, and progress in the use of air con- 
ditioning for house heating and gave interesting information on 
the use of silica gel, discussing the research being done by the 
A. G. Conner showed illustrated 
slides, depicting the work of the A. G. A. Laboratories, includ- 
ing their method of testing, and spoke in detail of some of the 
tests that are made. 

After some discussion the meeting was brought to a close 
with a vote of thanks for the speaker. 


A. along these lines. Mr. 


Southern California 

February 15, 1932. 
Southern California Chapter took place at the Engineers’ Club, 
Los Angeles. 

O. W. Ott, chairman of the Technical Ordinance Committee, 
reported the results of a meeting held by his committee with 
Mr. Baccus of the City regarding an ordinance pertaining to 
changes in the building and safety code. 

J. S. Louis presented a paper on Double Suction and Multiple 
Effect Compression in Refrigeration. Mr. Louis’ talk was illus- 
trated by slides and showed various designs and methods of 
refrigerating. 

J. Frank Park and Sydney Locke spoke on Centrifugal Re- 
frigeration. Mr. Park’s talk was illustrated by slides and a 
motion picture showing installations and traced the development 
of mechanical refrigeration from its inception. Mr. Locke gave 
a short discussion on Refrigeration by Steam. 

At the March meeting of the Chapter, Ralph E. Phillips and 
Donald T. Robbins, as co-authors, will present a paper on Air 
Conditioning and Its Relation to Public Buildings. As Mr. 
Phillips and Mr. Robbins are the authors of a number of arti- 
cles which have been published recently, a very interesting 
meeting is anticipated. 


A dinner and business meeting of the 


Massachusetts 


February 11, 1932. The February meeting of the Massachu- 
setts Chapter took place at 12:30 p. m. at Durgin Park’s on 
Hayward Place, Boston, where luncheon was enjoyed by 40 
members and guests. 

H. E. Morton, of Boston, spoke to the gathering on Refrigera- 
tion Application to Air Conditioning and the Use of the Refrig- 
eration System for Heating. Mr. Morton illustrated his talk 
by lantern slides and gave a very comprehensive idea of the 
work being done in this field. 
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Metropolitan Life Issues Pamphlet on Air 
Conditions and the Comfort of Workers 


A very interesting pamphlet entitled Air Conditions and the 
Comfort of Workers has recently been issued by the Policy- 
holders Service Bureau of the Metropolitan Life Insurance 
Company, New York. This is Industrial Health Series No. 5, 
and the contents include Temperature Standards for Comfort, 
Measurement of Physical Properties of Air, Conditioned Air, 
Effective Temperature, The Comfort Zone, The Effects of High 
Atmospheric Temperatures on Man, Removal of Excessive Heat 
and Moisture, Air Pressure and Air Cleanliness. 

The pamphlet quotes a considerable amount of the comfort 
data and other similar research results obtained by the Society 
at the Pittsburgh Laboratory, and also at the Harvard School of 
Public Health, under the cooperative agreement with that in- 
stitution. The subject matter is treated in a very clear and 
concise manner, reduced to such a form that it would be readily 
comprehensible to the layman. 

This is one of many publications issued by the Policyholders 
Service Bureau of the Metropolitan Life Insurance Company in 
the interest of better management in business. 


New Officers of Frost Research Laboratory 


An expansion of the activities of the Frost Research Labora- 
tory is indicated in the election of new officers at its annual 
meeting which was held in Norristown, Pa., February 24, 1932. 
R. V. Frost, a member of the Society, who established the 
laboratory in 1925 and who has directed its activities since that 
time, continues as president and director. The other officers are 
A. S. Armagnac, vice-president, also a member of the Society, 
and Gustave Petersen, secretary-treasurer. Mr. Armagnac and 
Mr. Petersen were for many years associated as publishers of the 
Heating and Ventilating magazine. They will take an active part 
in the business management and promotion of the laboratory. 
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The laboratory will continue to specialize in the testing of 
heating boilers, domestic stokers, radiators, oil and gas burners, 
convectors and air conditioning devices. For the latter service, 
the laboratory maintains a fully-equipped calorimeter test room 
in which any ordinary condition of temperature and humidity 
can be maintained, including the simulation of a rain storm. 

Some of the largest industrial concerns in the country have 
been served by the laboratory which has been successful in 
supplementing established research organizations in the develop 
ment of new heating products and in the preparation of accurate 
test data for catalog purposes. 

A New York office of the laboratory has been opened at 30 
Church Street, where Mr. Armagnac and Mr. 
maintain their headquarters. 


W. B. Crawford Dies 


Members of the Society and friends of William Blake Crawford 
will be saddened to learn of his death on February 20, 1932, after 
a short illness. 


Petersen will 


Mr. Crawford was born at Oshkosh, Wis., on December 25, 
1876, but spent the greater part of his life in Chicago. From 
1896 until 1924 he held the positions of apprentice, draftsman, 
manager, sales and designing engineer with Crawford Co., Gar 
den City Fan Co., Illinois Blower & Sheet Metal Works, Con- 
solidated Engineering Co., Arnold Co., and Massachusetts Blower 
Co. In 1924 he became associated with Jas. P. Marsh & Co. as 
consulting engineer and later as manager of their specialty and 
trap departments. 

Mr. Crawford served also as sales manager for Terre Haute 
Boiler Works Co. and at the time of his death was combustion 
engineer for the Seneca Petroleum Co. 

In 1921 Mr. Crawford became a member of the AMERICAN 
Society OF HEATING VENTILATING ENGINEERS and _ the 
Officers and Council extend their sincere sympathy to his widow 
who survives. 


AND 





CANDIDATES FOR MEMBERSHIP 





The Constitution of the Society as now amended, requires the following mode of procedure in voting on applicants for mem- 


bership in the Society. 


All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 


ences shall be printed in the next issue of the JouRNAL of the Society or sent to the members in other approved manner as ordered 


by the Council. 
Membership Committee as soon as possible. 


When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 


When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 


vote upon the election of the proposed Candidate for membership by letter ballot. 


During the past month 16 applications for mem- 


bership have been received and the names of these men and their sponsors are published in the following list. 


Members are requested to scrutinize the list with care. 


The Membership Committee, and in turn the Council, urge the mem- 


bers to assume their share of the responsibility of receiving these candidates into membership by advising the Secretary promptly 


of any whose eligibility for membership is in any way questioned. 


All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 


duty of every member to promote. 


Unless objection is made by some members by April 15, 1932, these candidates will be balloted upon by the Council. 


Those 


elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Batsim, Cuartes P., Mer., Refrig. & House Heating Div., 


\Vashington Gas Light Co., Washington, D. C. 
Bowrkxs, Ross C., Sales Mer., Minneapolis-Honeywell Regula- 
tor Co., Milwaukee, Wis. 


Conr\, Purp, Acting Dist. Mgr., B. F. Sturtevant Co., Cleve- 
land, Ohio. 





REFERENCES 


Proposers Seconders 


E. J. Febrey T. H. Urdahl 

S. F. Gardner G. C. Breitenbach 
E. A. Jones A. M. Wagner 
H. F. Haupt C, H. Randolph 
W. E. Stark W. C. Kammerer 
R. G, Davis T. A. Weager 
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Dean, Cuartes LyMAn, Asst. Prof., Mech. Engrg., University 


of Wisconsin, Madison, Wis. 





Gitmour, ALAN Bowporn, Salesman, B. F. 
Brooklyn, N. Y. 


GREENBURG, LEONARD, Assoc. Dir. of Research, Pierce Founda- 
tion, New Haven, Conn. 


HAL, Joun R., U. S. Blower & Heater Co., Minneapolis, Minn. 


Konzo, Seicut, Special Research Associate, University of IIli- 
nois, Urbana, III. 

McGonac.ie, ArtHuR, Consulting Engineer, Arthur McGonagle, 
Pittsburgh, Pa. 


Moreau, Donato, Manager, Heating & Ventilating, J. Knox 
Corbett Lumber Co., Tucson, Ariz. 
PoLLarD, ALFRED L., Genl. Supt., Steam Heat Dept., Puget 


Sound Power & Light Co., Seattle, Wash. 


Prytpit, Pau Lester, Hucker-Pryibil Co., Philadelphia, Pa. 





STEVENSON, ALEXANDER R., Jr., Staff Asst. to Vice-Pres., Gen- 
eral Electric Co., Schenectady, N. Y. 

TENNEY, Dwicut, Chief Engr., Booth Engrg. Co., Ltd., Newark, 
eg 

Weser, C. A. M., Manager, Motored Appliance Engrg. Dept., 

Mfg. Co., Springfield, Mass. 

WINsLow, CHARLES-Epwarp A., Prof. of Public Health, Yale 

School of Medicine, New Haven, Conn. 


Westinghouse Electric & 


mes eo tems 





Gilmour Co., Inc., 





April, 1932 


— 
+) 


G. L. Larson G. Weimer 


D. W. Nelson W. H. Wilson 









E. W. Mandeville F, 
M. W. Ehrlich E. 


W. Phillips, Jr. 
G. Hinchman 





W. H. Carrier D. D. Kimball 
Thornton Lewis V. J. Cucei 

A. B. Algren H. E. Gerrish 

F. B. Rowley M. S. Wunderlich 
A. C. Willard E. O. Eastwood 
A. P. Kratz E. B. Langenberg 
J. I. Lyle L. C. Soule 

J. F. Hale R. B. Stanger 
H. A. Nelson C. M. Barker 

O. W. Ott >. E. Johnson 
W. W. Cox William Mallis 
C. H. Eckart S. C. Heath 

J. H. Hucker E. N. Sanbern 
W. P. Culbert M. F. Blankin 











W. H. Carrier Elliott Harrington 
Dr. C. W. Brabbée F. H. Faust 
A. E. Stacey, Jr. 


Harry Bentz 

S. M. Kintner— 4/EE 
R. E. Hellmund— 4/£! 
D. D. Kimball 

V. J. Cucci 


Frank Thornton, Jr. 
M. M. Timmerman 
W. H. Carrier 
Thornton Lewis 


Candidates Elected 


In past issues of the JourRNAL of the Society the names of the following men were listed as Candidates for Membership. 
membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. 


The 
We are 


now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 


elected : 
MEMBERS 
Britt, JosepH W., M. G. Lippincott, Hornell, N. Y. (Advance- 
ment) 
Butieir, CHARLES R., Manager, Heating Dept., Plumbers Sup- 
ply Co., Evansville, Ind. (Advancement) 
Caritson, Everett E., Branch Mer., The Powers Regulator Co., 
St. Louis, Mo. (Advancement) 
EAsTMAN, Cart B., Branch Mer., C. A. 
phia, Pa. (Advancement) 

FenTON, FrepertcK A., Asst. Branch Mer., Richardson & Boyn- 
ton Co., New York, N: Y. 

Hitviarp, CHARLES Ernest, Heating & Ventilating Engr., E. C. 
Hilliard, South Boston, Mass. (Advancement) 

Jackson, ALTON BLANCHARD, New England Dist. Mgr., Carrier- 
York Corp., Winchester, Mass. 

KreLer, ANSON H., Sales Engr., Vento & Arcoblast Dept., Amer- 
ican Radiator Co., Philadelphia, Pa. 

KerRsHAW, MELVILLE G., Ener., E. LI. 
Nemours & Co., Wilmington, Del. (.4dvancement) 

MacManwon, WILLIAM KENNeEpy, Asst. Mer., Utilization Dept., 
Washington Gas Light Co., Washington, D. C. 

Mitcer, Mert Witt1AmM, Manager, Unit Heater Dept., The Trane 
Co., La Crosse Wis. (Advancement) 

Puetps, Harotp Roy, Mech. Engr., American 
Detroit, Mich. (Advancement) 

ScuLicuTinGc, Water G., Mer., Air Conditioning Dept., Clar- 


Dunham Co., Philadel- 


Ventilating duPont de 


Blower Corp., 


age Fan Co., Kalamazoo, Mich. 

TUCKERMAN, Georce E., Mer., Air Conditioning Div., York Ice 
Machinery Corp., Philadelphia, Pa. 
WesSTER, WARREN, Jr., Vice-Pres., Treas., 
& Co., Camden, N. J. (Advancement) 


Warren Webster 


ASSOCIATES 
CLODFELTER JOHN LutTHER, Supt., Carolina Sheet Metal Corp., 
Philadelphia, Pa. 
Firkins, Harry L., Vice-Pres., City Ice Co. of Kansas City, 
Kansas City, Mo. 
JOHNSTON, JOHN F., Jr., Johnston Bros., Inc., Ferrysburg, Mich. 
Reip, Hersert F., Partner, Reid-Graff Co., Muskegon Heights, 
Mich. 
Watcpon, Cuartes D., Sales Mgr., Spencer Foundry Co., Ltd., 
Toronto, Ont., Canada. 


WatsH, Cuirrorp J., Johnston Bros., Inc., Ferrysburg, Mich. 


JUNIORS 
Biack, Witi1AM B., Salesman and Engineer, Bryant Gas Heat- 
ing, Inc., Pittsburgh, Pa. 
Pau, Donan I., Gurney Foundry Co., Toronto, Ont., Canada. 


RockKWELL, Tueopore F., Instr., Carnegie Inst. Tech., Pittsburgh, 


Pa. 
STUDENTS 
Feypt, JouN Cuarzes, Student, Carnegie Inst. Tech., Pitts 
burgh, Pa. 
Fitzsimons, J. Patrick, Student, Carnegie Inst. Tech., Pitts- 


burgh, Pa. 

Hickey, JAMEs WILLIAM, Student, Carnegie Inst. Tech., Pitts- 
burgh, Pa. 

Vinson, NEA Lorine, Student, Carnegie Inst. Tech., Pittsbu 
Pa. 
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EDITORIALS 





» » In an address at a meeting of 
the New York sections of the 4. S. T. M., A. J. M. 
M. E., and the A. W. S., H. F. Moore, research pro- 
fessor of engineering at the University of Illinois, 
pointed out that in recent years two new limits of 
strength of materials have been reported from many 
testing laboratories. The first of these is the endurance 
limit or fatigue limit and the second the creep limit. 

“The significance of the fatigue limit is a matter 
of considerable debate,” said Professor Moore. “It 
would seem at first that this limit has a rather direct 
bearing on the ability of a material to withstand re- 
peated stress. Owing to the fact that for steel this limit 
seems to be fairly closely correlated with the tensile 
strength, the fatigue test has not as yet made its ap- 
pearance in specifications to any great extent, but re- 
sistance to repeated stress is judged from the tensile 
strength. It should not be judged by any kind of 
elastic limit. 

“It is in the field of machinery that most fatigue 
failures occur, and even in this field, it should be em- 
phasized that many machine parts are in no particular 
danger of failure by fatigue. Many pressure vessels 
have the load on them repeated only a few hundred 
times, which hardly brings fatigue strength into play. 
The case of the steam boiler where the stress may be 
repeated a few thousand times in the life of the boiler 
seems a border-line case. We may say with reference 
to the fatigue limit as with reference to any other pro- 
posed new test, ‘Do not use the test unless it seems 
to give results closely correlated with the service re- 
quired,’ 

“The second new limit is the creep limit. At elevated 
temperatures for ordinary metals under a steady load 
there goes on a continuing stretch or compression of 
the metal. This is different from the plastic flow which 
takes place at the yield point, for such plastic flow does 
not continue indefinitely under steady load. Whether 
for any metal there exists a limit below which the creep 
is zero for a given temperature is as yet uncertain. 
However, a limiting stress for most metals and most 
temperatures can be found below which the amount 
01 creep will not be disastrous in the desired life of 
the member. This whole subject of creep is such a 
recent development that we can not say how important 
this test will be or whether any short-time tests for this 
It gives, however, promise 


creep will become feasible. 





of very great significance as a test value in connection 
with metals which have to carry stresses at high tem- 
peratures.” 


» » Heating systems are installed for 
the purpose of maintaining the desired temperature in 
rooms, enclosures and buildings. Modern equipment 
for supplying and controlling the amount of heat 
needed is the result of the progress that has been made 
by the heating engineer. 

One of the principal requirements of a heating sys- 
tem, is that the heat should be supplied and controlled 
economically, The economical operation of a heating 
system depends to a large extent on the construction 
of the building. A well-designed heating system may 
be expensive to operate if proper provisions for con- 
serving heat are not made by the architect. 

Good workmanship and properly insulated buildings, 
together with other means for preventing heat losses, 
should be the aim of all parties connected with the de- 
velopment of a building. As in most engineering 
problems, cooperation will result in profit to all con- 
cerned. 

» » A few days ago an air condi- 
tioning engineer was asked by a sales-manager to talk 
to his salesmen, who had gathered for a conference. 
The engineer found that what was wanted was a set 
of easily applied rules for designing air conditioning 
systems so that any member of the sales force, re- 
gardless of his technical training or experience, could 
design and sell such plants without referring the mat 
ter to an engineer. 

It was pointed out that in air conditioning, each job 
is an engineering problem in itself. The sales-manager 
countered with the statement that “So-and-so’s sales 
men lay out their own air conditioning jobs, so why 
can’t we do it?” 

It is true that So-and-so’s salesmen (who are not 
engineers) are making such lay-outs but it is known 
also that systems put together without engineering 
knowledge are usually quite unsatisfactory. Some are 
acceptable only because the buyers themselves don’t 
know what to expect of a true air conditioning system. 

Unless such practices are checked a reaction that will 
be unfavorable to air conditioning seems likely. 




















By L. A. Harding* 


HE true meaning of the indicated or observed 

readings of the pressure or head measuring de- 

vice or gage when connected with either a 
static or impact tube located in the pump or fan suc- 
tion is so well understood by engineers, that it would 
appear almost superfluous to enter into a discussion 
of the matter. The writer is not aware of any cases 
of misunderstanding which may have arisen in prac- 
tice in regard to the true meaning or application of 
observed suction-side gage readings. 

The gage as customarily employed actually indi- 
cates a difference in pressure between the atmos- 
pheric pressure and the pressure within an enclosure 
(usually a pipe or duct) at the point of measurement 
either above or below atmospheric pressure at the 
time and place of measurement. 

The writer agrees with A. A. Berestneff! that cer- 
tain definitions appearing in the text book to which 
he refers could be improved. The definitions given 
by Mr. Berestneff, however, do not convey a very 
adequate meaning of the terms defined. The follow- 
ing definitions for velocity, static and total head or 
equivalent pressure may or may not be considered 
as an improvement in this connection. 

Velocity Head or Equivalent Pressure is inter- 
preted to mean the head or equivalent pressure re- 
quired to accelerate the media under observation, 
from a state of rest to the velocity attained at some 
particular point in the pipe, duct or enclosure being 
considered. 

The velocity head or equivalent pressure at any 
particular point is ordinarily determined by taking the 
difference between the gage reading connected with 
or attached to a pitot tube and a piezometer, both 
located at the point considered. The numerical value 
of the velocity head or equivalent pressure is ob- 
viously accompanied by a plus (+) sign. 

The average velocity head over the duct cross-section 
at the point considered is what is customarily inferred, 
when the term velocity head is employed in engineering 
calculations, pipe or duct friction tables, ete. 

Static Head or Equivalent Pressure is quite gener- 
ally interpreted to mean the observed reading of a 
gage connected with or attached to a piezometer. 
This gage actually indicates the difference in the 

*L, A. 
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head or equivalent pressure between the atmospheric 
pressure and the absolute radial pressure within the 
pipe, duct or other enclosure in which the piezometer 
is located. 

It is evident that the observed head or equivalent 
pressure so measured may be either above or below 
the atmospheric pressure. It is further evident that 
the observed static pressure may cause the material 
of the duct or pipe to be placed either under a com- 
pressive or a tensile stress. Static pressure does not, 
in the case of a suction pipe or duct, tend to “burst” 
the pipe in the usual interpretation of the word. The 
numerical value of the reading obtained in the man- 
ner described is accompanied by a plus (+) or minus 
(—) sign to indicate that the pressure is either above 
or below the atmospheric pressure, as the case 
may be. 

The static head or equivalent pressure may ob- 
viously be recorded in absolute units in which case 
the numerical value of the pressure would always be 
accompanied by a plus (+) sign. 

Total Head or Equivalent Pressure is quite gener- 
ally interpreted to mean the observed reading of a gage 
connected with or attached to a pitot or impact tube. 
This gage actually indicates the difference between 
the absolute total head or equivalent pressure and 
the atmosphere head or equivalent pressure at the 
particular point of measurement within the pipe, duct or 
enclosure in which the pitot tube is located. 

It is evident that the observed head or equivalent 
pressure difference may be either above or below the 
atmospheric pressure. The numerical value of the 
reading obtained in the manner described is accom- 
panied by a plus (+) or minus (—) sign to indicate 
a pressure either above or below the atmospheric 
pressure, as the case may be. 

The total head or equivalent pressure may ob- 
viously be recorded in absolute units in which case 
the numerical value of the pressure recorded would 
always be provided with a plus (+) sign. 

The correct total average pressure at any point in a 
duct system can only be ascertained by calculation 
and not by a single reading of the pitot tube gage 

The average velocity at the point considered is first 
ascertained by the usual method of pipe or duct 
traverse with the pitot tube and the piezometer; the 
readings being taken on a circle drawn through the 
center of each concentric zone of equal area. The actual 
total pressure is then equal to the sum of the static 
pressure plus the pressure equivalent of the averag 
velocity ascertained as above indicated. 

Temperature or density corrections are obvious! 
required when ascertaining pressure losses throug 
any apparatus or system which changes the tempe! 
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ature of the gas or air flow between the points con- 
sidered. 

The average total head at any point in a duct system 
on the delivery side of a fan is equal to the sum of 
all losses of head beyond the point considered in the 
direction of flow, plus the final average velocity head. 

The average total head at any point in a duct system 
on the suction side of a fan is equal to the sum of 
all losses of head between the duct inlet and the 
point of measurement, and includes the loss of entry 
to the duct. 

Obviously, if the delivery duct is connected to a room 
or chamber in which a static pressure is to be maintained 
above atmospheric pressure, this would necessarily have 


to be added. 


Fan Connected to Inlet and Outlet Ducts 


Fig. 1 shows a fan to which is connected a duct 
system to inlet and outlet and with the same assumed 
velocity pressures and the same pressure losses in 
each of the sections of duct as indicated by Mr. Ber- 
estneff in his article. 


(1) If the suction duct is omitted, the pressure loss diagram 
is shown by Diagram a. The total pressure to be gen- 
erated by the fan is evidently 2 in. 

(2) If the delivery duct is omitted, the pressure loss dia- 


gram for the suction duct is shown by Diagram b. The 
total pressure to be supplied by the fan is evidently 
1% in. 

In either case, the total fan pressure required is 
equal to “the sum of the friction losses plus the fina! 
velocity pressure.” 

If one desires, he may also state that the total pres- 
sure required to accelerate the air from a state of 
rest to its final velocity and overcome the duct re- 
sistance is equal to the difference between the total 
absolute pressure on the delivery and suction sides 
of the fan (measured at the fan). 

For a the total pressure is equal to: 409”—407” = 2”. 

For b the total pressure required is: 40714%2.”—406” = 1%". 


One has a choice of a number of 


Heating -Piping 
odAir Conditioning 


325 


of maintained flow in a duct or pipe system connected 
to a fan. 

If the fan is connected to both a system of suction 
and delivery ducts, the total fan pressure required is 
equal to “the sum of the friction pressure losses plus 
the final velocity pressure,” which in this case, re- 
ferring to Diagrams a and ¢ is: 
+U"+U"EU"EU" + KU") +1": 
or taking the difference between the absolute pres- 
sures on each side of fan, we have 409 — 406 = 3 in. 

The pressure loss between any two points in any duct 
system (either suction or delivery ducts) is correctly 
given by the difference between the readings of the 
gage attached to the pitot tube, observing the cor- 
rect +- or — sign, or is the difference between the 
absolute heads or equivalent pressures at the points 
measured. 

Referring again to Diagram b, the reading of the gave 
attached to the piezometer is 1% in. The total fan 
pressure required is also 1% in. This would only be 
true when the fan inlet and outlet velocities were 
equal, as is assumed in the preceding examples. 

The total head to be supplied by the fan, however, 
is not (in the case of a suction duct) the same thing 
as the total head for the duct system, as will be ob- 
served from the pressure diagram ). The fan in this 
case must supply the additional head (™% in.) re- 
quired to discharge the air corresponding to the ve- 
locity of the fan outlet. In this example, the area 
of the fan inlet and outlet were assumed, for con- 
venience, to be equal. Some makes of induced draft 
fans are provided with equal inlet and outlet areas. 

Mr. 
obvious error in the text to which he refers in ref- 
erence to the reversal of the true meaning of the ob- 
served readings of the pitot and piezometer -gages 
on a suction duct. The pressure diagram to which 
the discussion is intended to apply is, however, cor- 
rect. 
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3erestneff is correct in his statement as to the 
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Fig. 1 shows a method of installing pipe coils as heat- 
ing surface that utilizes the heat from the condensation. 
The water of condensation accumulating in the trap is 
at a high pressure and temperature. Upon being dis- 
charged, pressure is relieved and part of the water will 
flash into steam at a lower pressure. This steam is used 
for heating in the second coil, located on the discharge 
side of the trap. The amount of heating surface in 
these pipes is governed by the size and length of the 
pipes containing steam under pressure in the first and 
second coils with the corresponding amount of con- 
densation that may be discharged under the different 
conditions and room temperatures. It is better to pro- 
vide an ample amount of surface for the trap discharge 
condensation, in order that as much heat will be radiated 
as possible, even if portions of these pipes are not fully 
heated. The size of the pipes heated by the trap dis- 
charge may be increased in order to contain more of the 
condensation, The discharge pipe from the trap is con- 
nected to the bottom pipe of the secondary coil in order 
that the piping will remain full of the heated water 
after the trap discharges, instead of the water flowing 
out of the pipes while heated. A tee with a plugged 
opening is placed at C for a clean-out. The location 
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of the two different sections of these pipe coils may 
be in different places, as for example, one part may be 
placed on one side of the room and the other part on 
another, or wherever heat is desired. 

In general this method of heating is wasteful practice. 
Consideration should be given to arranging for some 
method of returning the condensation to the boiler plant ; 
a small vacuum pump can be used to good advantage. 
In some plants, however, the proper installation of re- 
turn lines may be impossible; in such cases the use of 
the heat in the condensation should be the aim and 
the method mentioned may be utilized. 


Fig. 2 shows a large pipe coil of the angle pattern 
used for heating a room for drying painted material. 
The pipe coil is made of 1%-in. pipe connected with 
branch tees or headers. The portion of the coil A was 
placed on the floor of the room and part B extended 
upward at one of the walls. The steam supply is at 
C and the return to the trap connection is at D. 

Working conditions caused this heating coil to be put 
out of service during the winter season. To protect 
the piping from being damaged by freezing weather it 
was necessary to drain and blow it out. The supply and 
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return were disconnected, a hose was attached at C and 
the piping blown out by using compressed air pressure. 
The maintenance man was not convinced that the water 
in the piping was completely removed. The plug at E 
was then removed, an additional air connection was made 
and the blowing out repeated, using both hose connec- 
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tions. A large amount of water was blown out in this 
way. 

This is mentioned to show that extreme care should 
be taken to remove all of the water that accumulates in 
piping, preparatory to placing equipment of this kind 
out of service, especially where floor coils are not pro- 
vided with the proper amount of pitch to insure gravity 
drainage. 

It is also recommended that a floor coil of this kind, 
consisting of a large number of pipes, should have an 
additional return connection at F, with a suitable steam 
trap at each return connection, D and F, 

The condensation should be thoroughly removed from 
the floor coil in steam drying rooms and boxes. The 
heat passes upward, through and around the material 
to be dried, which is suspended in the dry room. 

The section of the heating coil on the floor is the 
important part of the heating unit. The removal of the 
condensation in a proper manner will bring better re- 
sults in the heating of the enclosure. 














Preventing Drip from Pipes 
By Herbert Chase 


Pipes carrying cold water or other cold liquids through 
which are humid into which much steam 
escapes often cause a more or less regular dripping which 
is annoying and may result in damage to goods or equip- 
ment. The drip is the result, of course, of condensing 
water from the atmosphere. To prevent the condensation 
it is necessary to insulate the pipe in such a way that the 
heat, which is absorbed by the cold water when water 
vapor in the air comes in contact with the pipe, cannot 
reach the pipe. 


rooms or 


A convenient method of accomplishing this is to paint 
the pipe with a heat-insulating material through which 
heat released by the vapor in the air cannot pass. The 
material in the paint ought to form a rather thick film 
and one which will not crack or peel readily, if lasting 
results are to be secured. In any case the film should 
be a good enough insulator to prevent the passage of 
heat at a rate which will permit drops of water to form 
and fall from the pipe. 


Painting Black Pipe 

Cork is one material that can be used for this pur- 
pose. The pipe to be painted must be clean, free from 
rust, and dry. If it is a black pipe, it should receive 
two coats of rust-inhibitive primer, such as basic lead 
chromate greund in a mixture of linseed and chinawood 
oil. The first coat should dry thoroughly before the 
second is applied and the second should also be well 
dried before the insulation is applied. Cork in dry 
granulated form can be mixed with the liquid vehicle 
or, if conditions permit, can be sprinkled on the pipe 
dry after the vehicle has been applied. The vehicle 
should be of a type that will not become very hard for 
some time; it may be made from a mixture of 30 per 
cent boiled linseed oil and 70 per cent of fish oil, to which 
is added a good turpentine dryer in the ratio of one 
pint of dryer to a gallon. 

This finish is somewhat rough, which helps to prevent 
drops of water from forming and running together if 
the coating is not quite thick enough to prevent entirely 
the formation of moisture on the pipe. Should the color 
given by this coat be unsatisfactory, it can be fol- 
lowed by a size and then by a good paint or enamel. 


Cleaning Galvanized Surfaces 

For galvanized iron pipes a different procedure should 
he followed, as paint films of the ordinary type are more 
likely to peel from such a surface. The following pro- 
cedure applies, so far as cleaning and priming is con- 
cerned, to any galvanized surface, whether on shect 
metal, pipe, or other surfaces. 

Cleaning of galvanized iron may be done with the fol- 
lowing solution, which, because of its acid content, 
should be mixed and kept in glass or crock containers : 
Toluol, 70 per cent; denatured (ethyl) alcohol, 20 per 
cent; carbon tetrachloride, 5 per cent; and commercial 
muriatic (hydrochloric) acid, 5 per cent. This cleaner 
should be applied sparingly with a brush, but enough 
should be used to wet the entire surface without spat- 
tering or applying enough to drip on anything that will 
be attacked by the acid. It evaporates quickly and the 
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acid etches or roughens the surface enough to help th 
finish stick. The other ingredients are solvents which 
cut any oil or grease that may be on the surface and 
tend to loosen dirt. Work should not be done near an 
open flame and only in areas where ventilation is good. 


When the cleaner has evaporated the surface should 
be washed thoroughly with clean water to remove any 
traces of acid that remain. When the surface is clean 
and dry it should be primed with linseed oil primer in 
which the pigment is 80 per cent zinc dust and 20 per 
cent zinc oxide. The linseed oil used in this mixture 
should have a low acid number, as it is termed, for best 
results. The primer may be purchased ready-mixed 
from a paint manufacturer. 

Galvanized pipes treated in the manner indicated are 
ready for the cork-fish-oil-linseed-oil mixture referred 
to above, or may be painted with any good paint or 
enamel. 





Conventions 
and Expositions 


American Oil Burner Association: Annual convention, 
April 11-16; Mechanics Building, Boston, Mass. Secre- 
tary, H. F. Tapp, 342 Madison ave., New York City. 

Bituminous Coal Conference: Fifth annual confer- 
ence at Purdue University, April 14-15. Secretary, W. 
A. Knapp, Engineering Experiment Station, Purdue 
University, Lafayette, Ind. 

American Welding Society: Annual meeting, April 
27-29; New York City. Secretary, M. M. Kelly, 33 W. 
39th st., New York City. 

Heating and Piping Contractors National Association: 
Annual convention, May 16-18; Book Cadillac Hotel, 
Detroit, Mich. Secretary, Joseph C. Fitts, 50 Union 
Square, East, New York City. 

National Warm Air Heating Association: Annual 
convention, May 18-19; Deshler-Wallick Hotel, Colum- 
bus, Ohio. Secretary, Allen W. Williams, 3440 A. I. U. 
Bldg., Columbus, Ohio. 

American Boiler Manufacturers Association: Annual 
convention, May 23-25; Greenbrier Hotel, White Sul- 
phur Springs, W. Va. Secretary, A. C. Baker, 801 
Rockfeller Bldg., Cleveland, Ohio. 

National Electric Light Association: Annual con- 
vention, June 6-10; Atlantic City Auditorium, Atlantic 
City, N. J. Secretary, A. J. Marshall, 420 Lexington 
ave., New York City. 

National District Heating Association: Annual con- 
vention, June 14-17; William Penn Hotel, Pittsburgh, 
Pa. Secretary, D. L. Gaskill, Greenville, Ohio. 

American Society for Testing Materials: Annual 
meeting, June 20-24, Atlantic City, N. J. Secretary, 
C. L. Warwick, 1315 Spruce st., Philadelphia, Pa. 

American Society of Heating and JV'entilating En- 
gineers: Semi-annual meeting, June 27-29; Milwaukee, 
Wis. Secretary, A. V. Hutchinson, 51 Madison ave., 
New York City. 

American Society of Mechanical Engineers: Spring 
meeting, June 27-July 1; Bigwin Inn, Lake-of-Bays, 
Ontario, Canada. Secretary, Calvin W. Rice, 33 W. 
39th st., New York City. 
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INTERESTING 
Equipment... 
Developments 





Railway Air Conditioning Units 


. A multiple-unit system of air condition- 

ing for railway cars recently has been 
developed. The upper section of each unit contains an 
air filter, blower and motor and recirculating damper 
and the lower section contains a cooling and dehumidify- 
ing system, condenser and expansion coils. The upper 
section is a complete air circulating unit in itself, and 
the lower section is designed to be removed during 
weather when car cooling is not required. 

The units are attached to the car by means of a cast 
steel mounting plate which is permanently fastened to 
the car under-frame. The mounting plate is of a mani- 
fold type having ports in the upper side which connect 
with the discharge and return air ducts in the car and 
register on the lower side with ports in the conditioning 
unit. Plates and units are interchangeable. 

The illustration at the bottom of this column shows a 
complete unit (both upper and lower sections) installed 
on a dining car. 

The number of units necessary to use per car vary 
with the car’s size and the conditions to be maintained. 
It is stated that usually four of the units will be required, 
each unit conditioning about 12 ft. of interior car length. 
Each unit weighs approximately 340 Ib. Cooling 
erned by two thermostats, half of the units on the car 
being connected with each control; thermostats are set 
so that one group operates at full capacity before the 
second group is cut into operation. During the heating 
season, manually-controlled switches regulate air flow 
over the heat coils and the regular car thermostat regu- 
lates the amount of heating. 

Power for operating the units is taken from the ca! 
lighting system or from a separate axle-driven generator 
and battery system; the units are regularly built for 
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32-volt direct current; a four-unit system requires about 
2% hp. 

This method of conditioning railway cars is announced 
by the Modine Manufacturing Company of Racine, Wis., 
through its railway sales division at 333 North Michigan 
avenue, Chicago, Ill. 


Electrodes for Welding Aluminum 


6 An electrode for welding aluminum, de- 
signed for either metallic or carbon arc 
welding, is a five per cent silicon aluminum alloy and 
can be used for welding sheet or cast aluminum. The 
electrode is provided with a coating to prevent excessive 
oxidation and to dissolve any aluminum oxide that may 
be formed. 
In its use, a short arc of about twenty volts is held 
with the coating practically in contact with the work. 
Current will vary with the thickness of sheet or mate- 


rial welded; the following table gives an idea of the 


proper currents: 


Electrode Size Current Range Average 


¥2-in. 35-45 amp. 40 amp. 
lg-in 55-80 amp. 70 amp. 
ie-in. 100-150 amp. 125 amp. 


The electrodes are produced by the Lincoln Electric 
Company of Cleveland, Ohio, in four sizes: 3/32, 1/8, 
5/32, and 3/16 in. Length is 14 inches. 


High Capacity Steam Traps 


e High capacity is a feature of an im- 

proved line of steam traps lately devel- 
oped and utilizing the inverted bucket principle. Wear- 
ing parts are of stainless steel. 

The operation is as follows: 

A valve lever loops over two | 

guide posts at one end and 
engages the bucket hook at the 
other. When the bucket floats, “ = 
it pushes directly against the 
valve stem, forcing the valve 
to its seat. Steam pressure 
within the trap holds the valve 
against the seat. Water enter- 
ing the inverted submerged 
bucket causes the bucket to 
lose its buoyancy and exert a 
pull on the end of the lever. 
The valve is opened as soon 
as the weight of the bucket 
multiplied by the high leverage is greater than the pres- 
sure holding the valve against the seat. When opening, 
the valve lever fulcrums on knife edges which bear 
directly on the valve seat. The knife edges are de- 
signed to reduce friction and to make possible the open- 
ing of large-diameter orifices. 

These traps are furnished in cast semi-steel for pres- 
sures up to 250 Ib. In the forged steel pattern, the traps 
ire available for 600, 900 and 1,500 Ib. pressure with 
iny degree of superheat. 

They are made by the Armstrong Machine Works, of 
Chree Rivers, Mich. 
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Boiler Water Level Recorder 


+ Recently, a device for recording boiler 

water levels was placed on the market. 
Its design features are as follows: It co-ordinates the 
feed water flow and the boiler water level records; it 
shows the true level in the drum instead of the gage 
glass level; it uses a direct reading chart and it may 
incorporate alarm devices for high and low levels. It 
operates on the difference in level obtained by making 


















































two connections to the water column or boiler drum; 
one connection being made to the water space and the 
other to the steam space where a constant water head 
is maintained in the connection by a steam condensing 
radiator and a reservoir. The variable head or water 
space connection is applied over a mercury-sealed bell 
and the constant head connection is applied to the inside 
of this bell. 

As the boiler water level rises or falls, the mercury- 
sealed bell falls or This motion is transmitted 
to the recording pen by a forked lever and a spindle 
which turns in pressure-tight bearings. A reversing 
linkage is employed between the spindle and recording 
pen so that the pen moves upward as the water in the 
the water 


rises. 


boiler drum rises and moves downward as 
level drops. 

The water level recorder may be incorporated with a 
feed water flow meter to record the two related factors 
on one chart. Remote indicators or recorders operating 
from the main recorder may be placed at other points. 
The device is manufactured by the Bailey Meter Co., 
of Cleveland, Ohio. 


Drip Traps of Compact Design 


ia For keeping risers, steam mains, unit 

heaters and similar apparatus free of 
condensate and air, a drip trap has recently been de 
veloped which is designed to combine large capacity 
and compactness. A feature of the trap is a double 
seated valve which is balanced against steam pressure ; 
the upper valve closes with steam pressure and the lower 
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ralve against steam pressure. Initial and entrained air 
is vented directly to the return through a by-pass con- 
trolled by a thermostatic element. 





The trap weighs 434 lb. and capacities range from 
650 to 1,520 lb. of water per hour, the lower figure 
corresponding to a pressure difference of 1 Ib. per sq. 
in. and the upper to a pressure difference of 15 lb. The 
trap is made by the Hoffman Specialty Co., Inc., of 
Waterbury, Conn. 





Recent 
Trade Literature 


Air Conditioning: Clarage Fan Company, Kalamazoo, 
Mich. ; eight-page reprint of a paper on air conditioning 
in the paper and printing industries, outlining humidity 
requirements of press-rooms and describing a unit air 
conditioner and its operation in a testing room in a 
paper mill, 

Air Conditioning Units: Fridigaire Corporation, Day- 
ton, Ohio; 44-page booklet illustrating the applications 
of unit coolers and dehumidifiers to offices, hospital 
rooms, restaurants, stores and shops, candy plants, etc., 
and describing them. 

Air Filtering: American Air Filter Co., Inc., Louis- 
ville, Ky.; 16-page booklet devoted to filtered air and 
its importance in building ventilation and air condition- 
ing. Amounts and types of air pollution are described, 
as is the health value of clean air. Typical buildings of 
various classes equipped with air filtering equipment are 
illustrated. 

Fans: llg Electric Ventilating Co., 2850 N. Crawford 
ave., Chicago, Ill.; 48-page catalog giving dimensions, 
specifications, prices, capacities, etc., for propeller fans 
equipped with self-cooled motors. Applications and need 
of ventilation in offices, stores, restaurants, industrial 
plants and other buildings are discussed and illustrated, 
as are numerous special applications, such as ventilating 
attics. 

Fans: B. F. Sturtevant Company, Hyde Park, Boston, 
Mass. ; 20-page catalog describing constructional features 
of convertible centrifugal fans; angle of discharge and 
direction of rotation can be varied. Tables of capacities, 
pressures, speeds, etc., are presented. 

Insulation: The Eagle-Picher Lead Company, Joplin, 
Mo.; 12-page pamphlet describing dry cement insulation 


for furnaces and hot water boilers; tests showing amount 
of heat saved are illustrated. 
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Motors: The Ohio Electric Mfg. Co., 5900 Maurice 
ave., Cleveland, Ohio; 4-page bulletin showing special 
frame designs for motors; details include sleeve bearing 
motors with thrust bearing for vertical mounting with 
shaft up and with shaft down, and sleeve bearing motors 
for horizontal mounting. 

Pipe and Tubes: The Babcock & Wilcox Tube Com- 
pany, Beaver Falls, Pa.; 56-page book devoted to seam- 
less tubes and pipe of iron-chromium-nickel alloy steel. 
Following a general introductory section, the topics 
covered include chemical, physical and other properties : 
working qualities; corrosion resistance (with a table 
showing resistance to many common chemicals ) ; stabil- 
ity at elevated temperatures; design of tubes; tempera- 
ture limits; operating data; manufacture, etc. 

Pressure Controllers: Mason Regulator Company, 
1190 Adams st., Boston, Mass.; 16-page bulletin con- 
taining detailed description and illustrations of construc- 
tion and operation of pressure controllers, both record 
ing and non-recording ; an adjustment is made to convert 
from reduced pressure to back pressure control. Capac- 
ities in various ranges from 30 in. vacuum to 10,000 
lb. are available; prices are given. 

Structural Panels: Truscon Steel Company, Young- 
stown, Ohio; 20-page catalog of structural panels fabri- 
cated by cementing a metal facing sheet to one or both 
sides of a “board form” core material; various facing 
sheets, core material, or adhesive are used depending on 
properties desired. Detail drawings show connections 
and typical applications for ducts, heating units, indus- 
trial and temporary buildings, etc. Heat conductances 
and weights are tabulated. 

Separators: New Jersey Meter Co., Plainfield, N. J.; 
four-page folder describing operation and construction 
of separators for compressed air lines which automatic- 
ally discharge water from the air. Forge and gas fur 
nace blowers and air meters are also illustrated. 

Steam Flow in Pipes: Crane Company, 836 S. Mich- 
igan ave., Chicago, IIl.; 24-page book containing numer- 
ous charts and typical examples on the flow of steam 
through pipes. Theory is discussed and helpful rela- 
tionships and rules for determining flow, economical pipe 
size, etc., for low- and high-pressure steam piping are 
listed. 

Thermostats: The Mercoid Corporation, 4201 Bel- 
mont ave., Chicago, IIll.; four-page folder illustrating, 
describing and showing wiring diagrams for low-voltage 
mercury-contact room thermostats operating on tempera- 
ture variations of %4 F; similar information is given for 
a transformer repulsion relay. 

Valves: Hoffman Specialty Company, Inc., Water 
bury, Conn.; data sheet announcing and giving dimen- 
sions and specifications for bellows packless radiator 
valves. 

Water Heaters: Bell & Gossett Company, 3000 Wal 
lace st., Chicago, Ill.; four-page folder giving list and 
trade prices for domestic hot water heaters and acces 
sories; a mimeographed bulletin shows diagrams for 
automatic temperature control. 

Welding: The Bastian-Blessing Co., 240-258 E. O1 
tario st., Chicago, IIl.; 12-page booklet on welding pi 
ing, describing several typical welded jobs and showr 
welding and cutting equipment. 
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Heating: Piping 
adAir Conditioning 


THIS MONTH— 


Because of an expansion in the 
manufacturing facilities of Eli Lilly 
and Company it became necessary in 
1931 to provide for increased quan- 
tities of steam and electricity; it 
was decided to interchange power 
with the Indianapolis Power and 





Light Company, which supplies Eli 
Lilly with high-pressure steam 
through an underground line a mile 
long. 

William A. Hanley—in an article 
which is perhaps the most compre- 
hensive ever written on this subject 
—describes the factors involved in 
reaching this decision and discusses 
in detail the provisions of the con- 
tract which governs the cooperation. 
His paper is this month’s “lead.” 


According to newspaper reports, 
90% of the neighborhood theaters 
in one large city are to close this 
summer, instead of the usual 5 to 
10%, because of decreased receipts 
in summer and overhead expenses. 
Many movie houses have found the 
secret to successful summer opera- 
tion in an air conditioning system; 
in this issue, a system which has 
served a small neighborhood house 
to the benefit of the management 
and the patrons is described. 


“On the Job” is a department de- 
voted to short, practical articles on 
the day-to-day problems that arise 
in connection with the installation, 
Operation and maintenance of air 
conditioning, heating and piping 
systems. It’s particularly interest- 


ing this month. 





An ever-increasing list of sub- 
stances and materials is being util- 
ized in manufacturing 
and handled by industrial employes. 
Many of them are of such nature 
as to be dangerous if breathed re- 
peatedly. Proper ventilation of in- 
dustrial buildings is essential from 
this standpoint alone; often recov- 
ery is economically advantageous. 

In this issue, John H. Ruckman 
writes on preventing air pollution in 
the plant, illustrating what can be 
done by means of actual examples. 
His paper includes a classification 
of objectionable materials often met 
with. 


processes 


Low-cost protection for a fur- 
storage vault is provided in a Chi- 
cago department store by the intro- 
duction of carbon tetrachloride into 
the ventilating air. This arrange- 





ment is said to protect the garments 
in storage from moths at a cost of 
about four cents each (each gar- 
ment, not each moth) per year; the 
system is described by Milton K. 
Arenberg in this issue; his article 
is on page 338. 


As a result of experience with 
some 600 buildings, John M. 
Robertson makes a real contribution 
to the engineer concerned with the 
design of a building to be heated 
intermittently in his article in this 
number. A heating plant may be of 
sufficient capacity to keep such a 
structure at a comfortable tempera- 
ture once it is warmed up, but 
capacity is needed to raise the build- 


15 


ing materials to the proper tem- 
perature, 

Mr. Robertson has made tests 
showing the rate at which typical 
types of construction absorb heat, 
and in his article shows his results 


graphically. 





“IT have not received a copy of 
the last issue of HEATING, PiPING 
AND AIR CONDITIONING; I do not 
think my subscription has expired, 
as I always renew it. 

“Have been one of your first sub- 
scribers and shall continue to take 
this magazine as long as I stay in 
this business. 

“Kindly send the last issue and 
all the others regularly, and if my 
subscription has expired please let 
me know; a check for renewal will 
be sent by return mail.”’ 


NEXT MONTH— 


“Proper refrigeration is one of 
the essentials of good bread-mak- 
ing” according to many modern 
bakers; in the June issue, Arthur 
W. Archer writes on refrigeration 
piping in the bakery in an article of 
interest to engineers concerned with 
refrigeration piping for any process. 

Heating and ventilating Chi- 
cago’s new post office will be de- 
scribed by George W. Ott 
month; because of its size and its 
tracks this 


next 


erection over railroad 
building is particularly notable. .. . 
Many other articles on the problems 
of the air conditioning, heating, and 
piping engineer will be published in 
the June number. Don’t miss it! 





